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HOW DO CHILDREN EXPLAIN THINGS? * 


MerVIN E. OAKES 


Biology Department, Queens College, Flushing, New York 


One characteristic of an important con- 
tribution to knowledge is its stimulation 
The work of Jean 
Several 


to further research. 
Piaget’? fits this description. 
investigations, in different countries, either 
directly related to or outcomes (or exten- 
sions) of the work of Piaget, are listed 
chiefly in the first section of the bibliog- 
The list in- 
cludes (before the present war) studies 


raphy of the present study. 


made in the following foreign countries: 
Czechoslovakia, 1; England, 2; France, 1; 
Germany, 7; Poland, 1; 
United States, 7. 
should be made of those by Deutsche,* 
Huang,* Keen,®> McCarthy,® and Russell.’ 

* Oakes, Mervin E. Children’s Explanations 
of Natural Phenomena. Unpublished Ph.D. dis- 
sertation, Teachers College, Columbia University. 

1 Piaget, Jean. The Child’s Conception of the 


Roumania, 2; 
In this country, mention 


World. Harcourt, Brace, 1929. 397 p. 

2 Piaget, Jean. The Child’s Conception of 
Physical Causality. Harcourt, Brace, 1930. 
309 p. 


3 Deutsche, Jean Marquis. The Development 
of Children’s Concepts of Causal Relations. 
Monograph No. 13, Institute of Child Welfare, 
University of Minnesota Press, 1937. 104 p. 

4 Huang, I. Children’s Explanations of Strange 
Phenomena. Smith College Studies in Psychol- 
ogy, No. 1, 1930. 120 p.; also, Psychol. Forsch., 
14 :63-182, 1930; and, Psychol. Abstr., 5: no. 
1170, 1931. 

5 Keen, Angeline M. A Study of the Growth 
of Concepts and of Reasoning Concerning Phys- 
ical and Psychological Causation. Ph.D. thesis 
on file in the University of California library, 
Berkeley, 1934. 

6 McCarthy, Dorothea A. JThe Language De- 
velopment of the Preschool Child. University of 
Minnesota Institute of Child Welfare, Monograph 
No. 4, 1930. 174 p. 

7 Russell, R. W. “The Development of Ani- 
mistic Concepts in the Child.” Psychological Bul- 
letin 36:600, 1939; and other articles in Journal 
of Genetic Psychology, vols. 56 and 57, 1939-1940. 
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It is also to be noted that Piaget in his 
presentation refers to “The 


Child,” 


quantitative data as to the number of chil- 


constantly 
giving quotations rather than 
dren studied. 

There seems to be a rather widespread 
tendency to accept as final the findings of 
Children’s 


tendency to think in egocentric terms, “as 


an outstanding investigator. 


Piaget has shown,” is widely accepted. 
Piaget in his Chiltl’s Conception of Physi- 
cal Causality has twenty references to this 
idea in the index; in The Child’s Concep- 
tion of the World there are seven; and it is 
mentioned in_ his 
Thought of the Child, and Judgment and 
Child. 


makes the statement, “Among other genetic 


also Language and 


Reasoning in th One report * 
studies the most famous is that of Piaget 
who has found that the child’s tendency to 
respond to singular, specific personal facts 
rather than to general logical rules, is 
bound up with his egocentrism.” 

The present study seems to indicate that 
children’s egocentric notions are less nearly 
universal than Piaget concludes and that 
adults are nearly as likely as the children to 
follow the same sort of personal thinking 
and to lack “general logical rules.” 

Along this line, Piaget (Language and 
Thought of the Child, pp. 170, 192) states, 
“Everyone knows that childish grammar is 
more logical than ours, and that the ety- 
mologies spontaneously evolved by children 
But 
again in the same volume (p. 184) he says, 

8 Watson, Goodwin and Edward M. Glaser. 
“Education for Critical Thinking.” The Ad- 
vanced School Digest, 6:29-33. Teachers College, 
Columbia University, December 1940. 


are perfect masterpieces of logic.” 
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“Childish thought is ignorant both of me- 
chanical causality and of logical justifica- 
tion.” The present investigation reveals 
that these qualities are not entirely absent 
in children nor are they universal among 
adults but depend on many factors other 
than age or maturity. As McCarthy’ 
observes “Piaget uses the child’s language 
to study his thought and logic, which is 
very difficult even with adults.” 

Another quotation will help to make 
Piaget’s position clear." “That the child 
shows a keen interest in himself, a logical, 
and no doubt a moral, egocentricity, does 
not prove that he is conscious of his self, 
but suggests, on the contrary, that he con- 
fuses his self with the universe, in other 
words, that he is unconscious of his self. 
This is what we shall attempt to prove.” 

A much more complete critical summary 
of Piaget’s work is given by Hazlitt.’ 
Comments are also included in the report 
of her work by Susan Isaacs."! 


THE STUDY 


The purpose of the investigation herein 
summarized is to study the answers given 
to direct questions by children, especially 
kindergartners, as to the nature of their 
explanations of various natural phenomena, 
some of which were presented as simple 
experiments and others as verbal ques- 
tions; to compare these explanations with 
those given by a group of adults; and to 
analyze the responses as to type of 
explanations. 

Data consist of protocols on which re- 
sponses of the subjects were written by the 
investigator. Responses to each question 
were tabulated as to frequency. 

Subjects include pupils in the Practice 
Department of the State Normal School, 

* McCarthy, Dorothea A., op. cit., p. 141. 

10 Piaget, Jean. The Child’s Conception of the 
World, op. cit., p. 125. 

10 Hazlitt, V. “A Review of J. Piaget, Child’s 
Conception of Physical Causality.” Journal of 
Genetic Psychology, 40 :243-249 ; 1932. 

11 [saacs, Susan. Intellectual Growth in Young 
Children. Harcourt, Brace, 1930. 370 p 
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Fredonia, New York, in two successive 
school vears (1933-1935) and 35 adults 
who are teachers in non-science depart- 
ments of a liberal arts college (1939). The 
children are of four grade-groups: 77 in 
Kindergarten, 24 in Grade II, 24 in Grade 
IV, and 28 in Grade VI. 

The questions were asked of each indi 
vidual in a separate room by what is here 
called the ‘Conversation-Interview.’ Sev 
eral interview periods were necessary with 
the children—inore questions were asked 
and a single period for each adult. 

Many of the questions asked the children 
were taken from The Child’s Conception of 
the World and The Child’s Conception of 
Physical Causality by Piaget, reading of 
which books challenged the investigator to 
make this study. Some other questions 
were taken from other reports of children’s 
ideas and a few were added by the investi- 
gator himself. The problems presented 
refer to phenomena in various fields of 
natural science—astronomy, meteorology, 
geology, physics, botany, and human 
physiology. 

Several schemes of classification of ex- 
planations were tried, into none of which 
the responses of these children seemed to 
fit. A set of categories is herein proposed, 
based in part on existing classifications 
(which are largely concerned with the cor- 
rectness of children’s concepts) and also 
modified to meet the requirements which 
appear in the nature of the responses given 
by these subjects. List of categories is 
given below. 

The extent to which the descriptions of 
these categories are definitive was studied 
with the cooperation of judges who made 
independent classification of a number of 
responses. Subjective factors operate both 
in the interpretation of the definitions of 
the categories and in the interpretation of 
the meaning intended by the subject in his 
response. Consequently, the extent of 
complete agreement between the judges 
and the investigator is not great. How- 
ever, since the main thesis herein is that 
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children’s thinking is mostly physical or 
naturalistic, only those disagreements re- 
garding animism and the like are consid- 
ered serious. Such real disagreements are 
few. 

The body of this report consists of an 
extensive record of the responses of the 
subjects. Children’s replies to 15 problems 
presented merely as verbal questions and 
on 17 simple demonstration-experiments 
which the subject was asked to explain are 
included. The responses were tabulated 
both as to type of explanation or failure to 
explain and their frequency in each grade- 
group. Seven experiments (6 in physics, 
1 in human anatomy) were used with the 
adults. On each of these, the subject was 
asked to predict what would happen and 
to account for the prediction; then, after 
the experiment was performed, to state 
what had been observed, and to give an 
explanation of the event. 

The difficulty in wording questions so as 
to avoid misunderstanding is discussed at 
several points in the presentation. For 
instance, one of the verbal questions, “Why 
does night come?” (using Piaget’s words ) 
for some children does not imply cause- 
and-effect explanation at all but is an- 
swered in terms of its benefit to mankind, 
e.g., “so we can sleep.” Another example, 
“Where does wind come from?” (also 
from Piaget) is answered as to direction 
or place. One included by the investigator, 
“What are flowers for?” has no signifi- 
cance of function to many children who 
simply answered as to their aesthetic uses. 

Answers referring to trickery (a type 
also recognized by Deutsche in her study) 
do not appear in response to the verbal 
questions but occur in the explanations of 
the experiments by both children and 
adults. These subjects concluded that 
since they could not understand the phe- 
nomenon, perhaps the experimenter was 
using some sleight of hand. 

One of the main purposes of this study 
is to determine the extent to which these 
children use animistic, mysterious, magical, 
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and other non-physical ideas to account for 
natural phenomena. Piaget considers such 
notions to be almost universal in the think- 
ing of the five-year-old child. The general 
thesis which these data seem to indicate is 
that the majority of children’s thinking is 
done in physical terms when they are inter 
preting their environment. 

About 50 per cent of the responses of 
kindergartners in answering the verbal 
questions are classed in those categories of 
the first main division (Physical) wit! 
ugher 


78 per 


an increasing percentage in the 
grades-—72 per cent for Grade II, 
cent for Grade IV, and 82 per cent for 
Grade VI. Non-Physical types of explana 
tions, including dynamistic, animisti 

magical, and teleological, decrease from 
18.6 per cent by the Kindergarten group 
to 6.5 per cent in Grade VI. Other replies 
are classed as Failure to Explain. (See 


list of categories. ) 


CaTecortes: Types oF EXPLANATION 
( Methods of ) 
I. Puysicat (or Materialistic) 
A. Operational: Explanation in terms of what 
happened 
1. Complete (or Direct). Explanation in 
terms of a true causal relation 


2. Partial (or Incomplete) 


Explanation 
in terms of a single factor (usually 
minor ). 

3. Trial-and-Error. 
peated trial 


Explanation by re 


4. Personal. Explanation in terms of the 
operator or human agent 
5. Analogy. Explanation in terms of 
comparison 
B. Phenomenalistic 
6. Simple phenomenalism. Explanation in 
terms of a concomitant object or event 
7. Human. Explanation in terms of man’s 
action or invention. 
8. Reversal. Explanation in terms of 
effect taken for cause 
C. Trickery. 
gator of attempt to mislead 


Explanation accusing investi- 


Il. Non-Puysicat (or Non-Materialistic 
\. Internal 
9. Dynamistic. Explanation in terms of 
a “torce” within the phenomenon 
10. Animistic. Explanation in terms of 
attributes of life in non-living object 
(including Personification) 
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B. External: 
11. Magical. Explanation in terms of 
vague outside “force.” 
12. 7: :gious. Explanation in terms of 
icity. 
C. Teleological. Explanation by reference to 
purpose. 
13. Naturalistic. Explanation by reference 
to purpose in nature. 
14. Providential. Explanation by refer- 
ence to purpose to serve mankind. 


O (or III). Fatture to Exp.Lain: 
15. “Just-because”; “It has to”; etc. 
16. Re-statement. Merely changing the 
question to a statement. 
Irrelevant. 
8. “I.D.K.” (I don’t know.) 


“J 


Even more than to the verbal questions, 
explanations by these children of phe- 
nomena presented as objective experiments 
are in terms of natural causes, although 
Physical types clearly prodominate in re- 
sponse to both types of problems. To all 
the questions about experiments, the kin- 
dergartners average 70.6 per cent of Physi- 
cal explanations, 82.3 per cent for Grade 
II, 87.5 per cent for Grade IV, 88.3 per 
cent for Grade VI. 
for all four grade-groups are below 6 per 
cent. 


Non-Physical types 


The problems regarding gravitation, 
inertia, and the air were the ones most fre- 
quently explained in Non-Physical terms. 
Results on the experiment, placing a peb- 
ble in a tumbler full of water, wherein the 
child is asked to account for the overflow, 
seem quite at variance with those reported 
by Piaget. It is true that no child uses the 
word ‘volume’ in his response; however, 
with limitations of vocabulary recognized, 
such expressions as ‘took up room,’ ‘fills 
it up more,’ and the like, clearly indicate at 
least the germ of understanding, which the 
sympathetic teacher will be likely to nur- 
ture into fuller growth. 

The number of subjects is too small for 
determining a definite relationship but 
these data are consistent in pointing to the 
tentative conclusion that brighter children 
are more likely to give naturalistic (physi- 
cal) explanations and less likely to call 
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upon non-naturalistic ideas in accounting 
for natural phenomena, than are the less 
bright. 

The majority of the explanations by the 
adults are of Physical types (84.3 per cent) 
but like those of the children, many of the 
statements show lack of correct concepts. 
These adults exhibit very little in the way 
of a consciously reflective or truly logical 
procedure in attacking physical problems 
with which they are unfamiliar. There was 
a more marked tendency on the part of 
adults than of children to hold views once 
stated in the face of the testimony of their 
senses when the experiment was per- 
formed. Nevertheless, whatever differ- 
ences there are between the reactions of 
the children and of the adults seem largely, 
if not entirely, quantitative rather than 
qualitative. 


PRACTICAL APPLICATIONS 

For the child development specialist, this 
study offers information as to the naturalis- 
tic modes of thinking by children. It seems 
to indicate that attention to actual experi- 
ence with materials of the environment is 
fundamental to the growth both of under- 
standing and of vocabulary. Certain phe- 
nomena seem to be quite close to the 
child while others are remote from his 
experience. 

Many implications related to the teach- 
ing of science to younger children are sug- 
gested in a separate chapter of the report. 
A list of misconceptions regarding common 
phenomena occurring in the data is given, 
together with the proposal that many 
teachers might profitably keep such a list 
of errors of understanding as they occur in 
the classroom, periodically sending these 
lists to some central agency, such as the 
science department of a normal school or 
teachers college. A suggested technique 
for developing suspended judgment, and an 
enumeration of the concepts with which 
these subjects seem least familiar, complete 
this section. 

In addition, needed research studies 
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along similar lines are mentioned; a series 
of digests of investigations already reported, 
and an extensive bibliography are included. 


SUMMARY AND CONCLUSIONS 


1. Each subject, regardless of age, men- 
tal ability, or grade level, gives explana- 
tions of a wide variety of types. All types 
of answers were given by all age-groups. 
In only a few cases, a subject has a charac- 
teristic type of explanation, ¢.g., one 
kindergartner gave more (31.7 per cent) 
+ 12—Religious, than any other type of 
reply. 

2. Each question elicits many types of 
explanations, although on some there is a 
preponderance of one type. For example, 
questions on Nightfall and on the Function 
of Flowers brought mostly type # 14 
(benefit of mankind). 

3. Piaget’s seventeen types of children’s 
thinking were not useful as categories for 
explanations given by subjects in this 
study. 

4. No evidence is found to corroborate 
Piaget’s interpretation that there is a defi- 
nite stage in the child’s thinking which is 
characteristic of a given age. The types of 
answers given by these subjects were influ- 
enced more by the nature of the problem, 
the way the question is worded, the child’s 
background of experience, and his vocabu- 
lary than by any so-called mental structure 
for a given age. 

5. Although a few responses are enig- 
matic, the great majority are matter-of- 
fact, physical, in other words, naturalistic. 

6. In explaining Experiments which 
they have seen, children make a higher per- 


CHILDREN’S SCIENCE EXPLANATIONS 6 


un 


centage of cause-and-effect (physical) ex- 
planations than they do in response to 
Verbal questions. 

7. Children can learn correct explana- 
tions of many natural phenomena and most 
of them are eager to do so. 

8. In general, understanding of essential 
relationships increases with age among the 
children. However, some answers given 
by individuals in Kindergarten were 
superior to those given by older children; 
a few of those in Grade VI were below the 
average for Kindergarten. 

9. The brighter children are more likely 
to give Physical explanations than are the 
less bright. This is a tentative hypothesis 
based on small numbers of cases herein 
available. 

10. Non-science adults follow no definite 
logical procedure in explaining phenomena 
with which they are unfamiliar. Their re- 
sponses classified as Physical often indicate 
lack of correct concepts; they fumble for 
words, make wild guesses, and have little 
clear understanding of true causal factors. 

11. There is close similarity of these 
findings to those of most other recent in- 
vestigators, with considerable differences 
from those reported by G. Stanley Hall 
and Piaget. 

12. In the presentation of natural sci- 
ence instruction in the elementary school, 
teachers, both in the selection of subject 
matter and in planning their procedures, 
may well take account of the findings of 
this investigation regarding the develop- 
ment of children, which is indicated to be 
gradual and concomitant rather than on 
the concept of stages, i.c., “serial” and 


“saltatory.” 








SCIENCE SEQUENCE AND ENROLLMENTS IN SECONDARY 
SCHOOLS OF THE UNITED STATES * 


W. 


GEORGI 


HUNTER AND LEROY Spor! 


Claremont Colleges, Claremont, California 


In the Pacific States the only complete 
science figures came from Oregon. Here 
the thirty-fourth Biennial Report '* gives 
the following figures for enrollments in 
science for the year 1939-40: 

Per cent of 
total enrollment 


Number of 
students registered 


General Science 11,037 17.58 
Botany 157 a 
Biology 10,089 16.07 
Zoology 139 .22 
Physics 2,793 4.45 
Chemistry 3,501 Rj 


The total high school enrollment (9-12 
years inclusive) was 62,752 for this period. 
Seventh grade enrollment was 17,778 and 
eighth grade 17,884, but no statistics were 
available concerning the number taking 
State 
adoptions of a well known series of science 
1-9 


indicates that a full program of general 


general science in those grades. 


texts for all grades from inclusive 
science is found in the junior high school 
the 
seventh and eighth grades of the elementary 


(where established) as well as in 
school. 

For the state of California figures were 
only obtainable for the cities of San Fran- 
cisco and Los Angeles. The Director of 
Curriculum for the City of San Francisco 
gives the following figures for that city: 


General Science 





Junior High—Pre-ninth year 6,100 
Junior High—4-year High—Ninth grade 2,050 
Biology—Tenth grade 4,300 
Botany—Tenth grade 130 
Chemistry—Eleventh grade 2,800 
Physiology—Eleventh and Twelfth grade 2,450 
Physics—Twelfth grade 1,200 
* Concluded from the December, 1941, issue. 
18 Putnam, Rex. Oregon Education. The 


Thirty-fourth Biennial Survey of the Superin- 
tendent of Public Instruction for the School Years 


ending June, 1939 and 1940. 


66 


For Los Angeles, the following figures 
were obtained: General Science is given i 
combined in 
The 


total number of students taking these com- 


the eighth and ninth years, 


certain grades with Mathematics. 
bined courses in the two grades is 21,925. 

( Life 
Grade 


Biology Science) is given in the 
has an 
Chemistry is 


and twelve with 


Tenth and 
13,699. 
eleven 
5.350 

twelve 
2.717. 

course 


enrollment oi 
given in grades 
an enrollment of 
while physics appears in grades 
and eleven with an enrollment of 

There is also an experimental 
entitled Descriptive Chemistry and 
Physics which is given in the eleventh and 
twelfth years and has an enrollment of 158. 
According to a recent papet by Everote '® 
at least one Los Angeles school (The 
Susan Miller Dorsay High School) gives 
a course in Practical Chemistry to 142 
pupils. Other Los Angeles 
should undoubtedly be added to this list. 
A recent article by Watson *° indicates a 
rapid growth of fused physical science at 
the upper grade levels in California High 
Schools. He estimates that in 1938-39 
there were 116 such courses in California 
High Schools with a total enrollment of 
over 7,300 pupils. 

Since the publication of the first install- 
ment of this article, statistics were obtained 
from two additional states, Connecticut and 
Delaware. 


schools in 


Connecticut issues no statistics 
but Dr. Fred Couey of the University of 
Connecticut has kindly made available cer- 
tain materials from a ‘forthcoming paper. 
These figures and his statement classify the 

19 Everote, W. P. A Course in 
Chemistry for High School Students. 
and Society, November 15, 1941. 

20 Watson, D. R. “The Fused Physical Science 


Course.” California Journal of Secondary Edu- 
cation, May, 1940. 


Practical 
School 
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science situation in Connecticut. Statistics 


are for the year 1940-41. 


Total High School Enrollment 76,651 
Total Junior High School Enrollment 18,269 
Total Science Enrollment for Senior 

High School 40,279 
Total Science Enrollment for Junior 

High School 14,935 


Dr. Couey states that two patterns of 
sequence are observable and that these are 
often seen in the same school, one for 
students preparing for college and the 
second for the general student. The first 
is the traditional sequence of general sci- 
ence, biology, chemistry and physics in the 
four years of the senior high school, the 
second is Elementary General Science, Ad- 
vanced General Science, Natural Science, 
Senior Science, Applied Chemistry, Ap- 
plied Physics. He states that this change 
seems to be taking place rapidly. 

The figures for Delaware are as follows: 


High School enrollment for 1940-41 13,310 
General Science 5,283 
Biology 1,682 
Chemistry 648 
Physics 419 
Newer courses in Physical Science 191 


One other source was tapped in order to 
get the conditions of our northern neigh- 
bor, the Dominion of Canada. 
was made to the Bureau of Statistics, and 


Application 


from them the writer was able to secure 
figures from their last biennial survey of 
Education." The report gave statistics 
from the several provinces of Nova Scotia, 


Ontaria, Manitoba, Saskatchewan, and 
Alberta. It is interesting to note that while 


Nova Scotia and Alberta follow rather 
closely the pattern of science sequence in 
this country, Ontario presents a picture 
which might have been shown in this coun- 
try about thirty years ago. The situation 
is apparently somewhat like that found by 
the senior author in the English Board 


21 Elementary and Secondary Education in 
Canada, 1936-38. (Being Part I of the Biennial 
Survey of Education.) Ottawa, 1940. 
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Schools of the present decade.** The 
provinces of Manitoba and Saskatchewan 
give no science figures except for geog 
raphy and agriculture. 

Nova Scotia gives Science evidently 
General Science—in grades seven, eight, 
and nine; Biology in grade ten; Advanced 
Botany, 


Science in grade eleven; and 


Chemistry, and Physics in grade twelve 
The Science enrollment at the seventh 
grade level is 4,626; at the eighth grade 
level is 4,075: 


3,578; Biology at the tenth year has an 


at the ninth grade level is 


enrollment of 2.465 ; Science at the eleventh 
. 


year, 1,839; while Botany at the twelfth 


year, 370; Chemistry, 785; and Physics, 
507. The total school enrollment of Nova 
Scotia for the seventh grade is 9,991; 
eighth grade, 8,246; ninth grade, 6,888; 
tenth grade, 5,175; eleventh grade, 3,976; 
and for the twelfth grade, 1,263. Appar- 
ently, a little more than half the students 
are taking Science at each grade level. 

In Ontario we have an English situation, 
with the so-called collegiate schools and 
continuation schools, the latter apparently 
being the counterpart of the so-called “‘cen- 
tral schools” in England. The enrollment 


in Science indicates that there is no 
Biology as such. 

The figures for Alberta show a distribu- 
tion of 4,514 students in General Science in 
the ninth grade, with scattering students in 
the tenth and eleventh grades. Biology 1s 
centered in the twelfth grade with 1,200 
students enrolled there. The Chemistry 
enrollments are 2,241 in the eleventh grade 
and 1,553 in the twelfth grade. Physics 
centers in the tenth grade with 2,638 en- 
rolled there, 532 in the eleventh, and 1,180 
in the twelfth grade. The total enrollment 
for the ninth grade is 10,798; for the tenth 
grade, 7,506; for the eleventh grade, 6,426; 
and for the twelfth grade, 4,293. Again we 
see a very creditable science showing. In 
“Some Notes on Sci- 
Pitniene 


22 Hunter, George W. 
ence Teaching in English Schools.” 


ber, 1937, and January, 1938. 
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SUBJECTS STUDIED IN SECONDARY SCHOOLS OF ONTARIO, 1937 























Collegiate Institutes and High Schools Continuation Schools 
Subjects ig TF NE [a 7 

Lower | Middle Upper Lower | Middle Upper 

School | School | School | Total School | School | School Total 
3otany 8,254 2,171 10,425 | 1,787 110 1,897 
Chemistry 9,045 2,828 | 11,873 | 1,327 90 1,417 
General Science 202 202 
Physics 10,905 2,543 13,448 | 1,618 | 83 | 1,701 
Physiography 15,391 15,391 2,469 | | 2,469 
Zoology 6,398 | 2,145 8,543 | 2,016 106 | 2,122 





There is also listed the topic of science in the technical schools. 25,657 pupils are enrolled, but 


there is no indication of what the science is. 


addition to these figures Agriculture en- 
rolls 579 students. 

The only science subjects given for the 
schools are 


Manitoba and Saskatchewan 


Geography and Agriculture. In Manitoba 
where we would expect a large offering in 
Agriculture we have a total of less than 
150 students, while there are over 20,000 
Most of the 
offerings in this latter subject are in the 


students taking Geography. 


In Saskatche- 
wan, on the other hand, over 2,800 students 
take Agriculture, which seems to be offered 
definitely in the eleventh grade. 


seventh and eighth grades. 


Geog- 
raphy is offered in the tenth grade and has 
over 7,500 students taking it. 

If we attempt to make a summary of the 
General Science enrollment in the United 
States for grades seven, eight, and nine 
(and grade six in the 7-4 schools) we find 
that figures are available from 32 states 
and three large cities in two other states. 
It was found impossible to segregate the 
figures into grades, and the totals represent 
“the health science” offerings in certain 
states, which are found from the seventh to 
the ninth grades. The total science enroll- 
ments for the 32 states, from which more 
or less complete statistics were obtained, 
were 2,792,582. If we accept the figures 
of Table XX, pp. 35-36, of Chapter V of 
the Biennial Survey, as correct we find the 
states from which the above General Sci- 


ence figures come, have an enrollment in 
grades seven, eight, and nine (with sixth 
grade counted as seventh in the eleven year 
1,823,441. Obviously, there 
appears to be something radically wrong 
with our computation, if the statistics given 
are reliable. We have no reason to think 
that the figures that come from the various 
state departments are padded; so we must 
look elsewhere for our difficulty. On care- 
ful comparison of figures given in the 


system) of 


various chapters of the Biennial Survey,” 
it is evident that the figures given for the 
High School 
seventh, and eighth grades, include only 
such schools as are reorganized or recog- 


enrollment in the sixth, 


nized as Junior High Schools. Evidently, 
then, science is given in grades six, seven, 
and eight, in most, if not all of the schools, 
recognized as elementary schools. If we 


take Foster’s figures *4 of grade enrollment, 


as given in School Lifc, the picture be- 
comes much clearer. He gives an enroll- 
ment in 1938 of 2,227,913 at the 
grade level; 2,119,972 at the seventh grade 
level; and 2,005,151 at the eighth grade 
level. 


sixth 


The ninth grade level figures of 
1,912,549 are close to those given in the 
Biennial Survey quoted above. It is evi- 

23 Statistics of Public High Schools, 1937-8, 
Bulletin 1940, No. 2, Chapter V. Op. cit. 

24 Foster, G. M. “Grade Enrollment in the 
Public Schools.” School Life 26:7, 39; October, 
19-40. 
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dent that our discrepancy lies in the fact 
that the various state authorities have 
listed all students taking science, both in 
junior high schools and in elementary 
schools, at the sixth, seventh, and eighth 
grade levels. 
pears that the statement previously made, 
namely, that practically all pupils in grades 
seven to nine, inclusive, have some contacts 
with science, is correct. 


From this analysis, it ap- 


If we compare the statistics compared 
from state sources, with those obtained 
from the questionnaire, some interesting 
comparisons are available. It was possible 
to obtain from the questionnaire the enroll- 
ments of most of the schools answering. 
Another question asked for the enrollment 
in the various science courses listed, 
together with the school years in which 
these subjects were taught, the hours per 
week, the number of weeks offered, and 
the number of hours of laboratory per 
week. Not all schools answered all these 
questions, but a sufficient number of 
answers have been obtained to make some 
comparison with the figures given pre- 
viously. 
that General Science is most frequently 


In the first place, it is evident, 


given in the three-year junior high school, 
in the seventh, eighth, and ninth years (or 
in the 7-11 system, in the sixth, seventh, 
and eighth years). 
greatly with the different areas. For 
example, the southern states, as a rule, 


3ut the picture varies 


show the three-year sequence in General 
Science in most reorganized schools. Three 
years of science is also found in other parts 
of the country having a three-vear junior 
high school, but in many cases, only one 
year of science is required. In schools 
having the 6-2-4 plan, or those. having 
the undivided high schools (6-6 plan), 
Many of the 
schools answering show no definite pattern 
either in the yearly placement or in the 
requirement of General Science. In some 


similar conditions exist. 


city systems, where material was sent to 
various schools by a supervisor of science, 
there would often be found great variations 
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in the number of students taking science 
in the different schools. Another condi- 
tion existing, was that of semester instead 
of year courses in General Science, al- 
though a three-year sequence was observed. 
Such a condition, for example, exists in 
the city of Los Angeles. Still another 
observation made shows that, when science 
was required in seventh and eighth grades 
and an elective in the ninth grade, there 
was a very great drop in the enrollment 
in the elective over the required courses 

Tables made from the schools which 
gave adequate data in answering the ques- 
tionnaire indicate first that 92.15 per cent 
of all high schools (excluding the three- 
year high school) gave general science. 
We also see, according to the returns 
obtained from 655 junior and senior high 
schools, that a clear science sequence 
emerges not so different from the findings 
of the senior author’s previous studies (see 
Tables II and IX). Figure 2 shows 
graphically the distribution of offerings 
obtained in the present study. 

In making a comparison with the general 
science enrollments, as shown from state 
and city sources, the answers from the 
questionnaire make rather a sorry show- 
ing. In Table II, it is shown that the 
teachers answering the questionnaire do 
not give general science the commanding 
place shown by the state authorities. The 
picture of course placement shown in that 
table indicates that in schools answering 
the questionnaire by far the largest number 
of general science courses appear in the 
ninth grade, a condition not entirely borne 


out in the state figures. There may be 
several reasons for this. The first is that 
the returns from the junior high schools 
are not segregated, and over 200 of the 
329 schools used in obtaining our figures 
are other than reorganized junior high 
schools of the three-year type. A second 
reason is that some of the junior high 
schools did not give a full science enroll- 
ment for the three years, evidently not 
counting the “Health Science” given in 
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TABLE II 


ScIENCE OFFERINGS OF 


Extent of 
investigation 


Year of 


Investigator investigation 





3-year H.S. 


ScHoots Giving ADEQUATE DaTA 


No. of Per cent of 
schools No. of schools total number of 
excluding schools offering schools offering 


General Science General Science 

















Hunter 1941 National 497 468 92.15 
NUMBERS AND PERCENTAGES OF SCIENCE CourSES OFFERED ON EAcH GRADE LEVEL 
tN 655 Junior anp SENIOR HiGu ScuHoo.s 
| Gen. (elem.) science Biology Chemistry Physics 
Grades ——_—— — —__—_——_ 
Courses | Percent | Courses | Per cent Courses | Percent | Courses | Per cent 
S SA. ee - ae Se ee L 
Re 137 18.56 1 Re | 
8. 231 31.30 | 1 .27 
ees 353 47.83 34 9.14 2 55 
_ oer 14 1.90 294 79.03 5 1.35 5 1.38 
| ee 3 41s 37 9.95 211 57 .03 152 41.87 
12. | 5 1.34 | 154 41.62 204 | 56.29 








Also 


schools giv- 


some schools as a science offering. 
in some of the four-year high 

the 
relatively low; this probably being due to 
that 


ing general science, enrollment was 


the fact reorganized junior high 
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schools gave general science so that it was 
not repeated at the ninth grade of the four- 
year high school. This might be equally 
true of the two-year junior high schools. 


* The last and most important thing is that 
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the total school enrollment given in the answers from schools reporting that 
second column of the tables that follow is Arkansas should be placed with the 
at least two-thirds senior high schools Southern States, instead of the Rocky 


of instead of junior high and ninth year en- Mountain group. This change was ac- 
ng rollment. But with all these reasons given cordingly made. The columns following 
ice 


it is still evident that general science does to the right of the state groupings show 
not have the relatively large enrollments (1) the number of schools giving the 
given it by state authorities. enrollment statistics; (2) the total enroll- 

In the tables of science enrollment ment of the schools giving statistics; 
(Tables III-IV), the states are grouped (3) the number enrolled in the given 
according to the areas in the original subject: (4) the percentage of this subject 
questionnaire, with but one exception. of the total school enrollment; (5) the 
It became evident from the pattern of total science enrollment for the given state ; 








ent 
TABLE III] 
GENERAL SCIENCE ENROLLMENTS 
Number Total Enrollment Per cent Per cent 

55 of Schools = School in General of Total Total Science — of Science 
32 Area Offering Enrollment Science Enrollment Enrollment Enrollment 
Je 
37 New England 26 39,430 8,061 20.04 24,335 33.32 
2) Middle States 66 89,653 27,234 0.40 87,021 31.20 
ora Southern States 72 65.578 16,856 25.75 59.059 8 60 

North Central st) 129.581 30,168 23.40 75,312 40.00 
was Rocky Mt. States 55 39,740 8,556 21.60 21,807 39.02 
vur- Pacific States 33 28,067 8,909 31.80 35,275 25.20 

United States 329 392,049 99,784 25.40 302,809 33.00 
ally 
( Is. 
chat 











Figure 3.—Distribution of General Science in the Unit States (by areas) Based on Tot 


School Enrollments 
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and (6) 


subject has of the total science enrollment. 


the percentage that the given 


The graphic story told by Figure 3 and 
Table III does not entirely agree with the 
picture painted by state sources of general 
science data. 
ing the questionnaire are not as well satis- 


Evidently teachers answer- 


fied with book courses in science as are 
state authorities. The assumption that 
science enrollment and school enrollment 
in the seventh and eighth grades are iden- 
tical is not borne out in the figures that 
follow. 

One interesting fact clearly shown in 
Figure 3 is the relatively high enrollment 
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Middle 


Pacific states and relatively low enrollment 


in general science in the and 
in this subject for the New England and 
Rocky Mountain states. The offerings in 
the Southern states are closest to the mean 
for the United States based on the offer- 
ings listed from 329 schools. 

The 
agree more nearly with the picture shown 
by the state school authorities. (See Fig- 
ure 4 and Table IV.) Here the enroll- 
ment in biology is in most cases given for 


figures for offerings of biology 


the tenth grade (79.03 per cent) and the 
school enrollment given is to a consider- 


TABLE IV 
Brotocy ENROLLMENTS 

Number Total Per cent Per cent 

of Schools School Enrollment of Total Total Science of Science 

Area Offering Enrollment in Biology Enrollment Enrollment Enrollment 
New England 27 36,984 4,877 13.20 24,335 20.00 
Middle States 63 135,406 23,735 17.50 87,021 27 .30 
Southern States 63 78,683 19,770 25.10 59,059 33.40 
North Central 85 134,795 22,647 16.90 75,321 30.20 
Rocky Mt. States 46 33,660 6,574 19.50 21,807 29.50 
Pacific States 39 48,210 10,218 21.20 35,275 29.00 
United States 323 467,738 87,821 18.70 302,809 29.30 
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Figure 4.—Distribution of Biology in the United States (by areas) 


Based on Total School 


Enrollments. 
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ind able degree that of the four-year high the election of general science or biology 
ent school. The figures, then, prebably pre- in the ninth grade, which would account 
ind sent a fair picture of actual nation-wide for some of the holdings in biology at the 
in conditions and the percentage of students ninth grade level. 
pan taking biology is probably higher than that The chemistry picture is shown in 
: iven by Glass,”* and indicates that biology Figure 5 and Table V. The total per- 
er- 8g ’ 8) 8 I 
is steadily growing in enrollment. This centage enrollments agree fairly well with 
fact is frequently alluded to by teachers recent studies,****7 and show that chem- 
sy ae altirnnete — 
Hl answering the questionnaire. In some 26 Jaffe, Bernard. The History of Chemistry 
‘ states there has been a choice allowed in and Its Place in the Teaching of High Schoo! 
ig- Chemistry. Journal of Chemical Education, 
oll- 25 Glass, H. B. Enrollments, Teaching Loads, August, 1938. 
“ae and College Relations of Secondary School Biol- “7 Offerings and Registrations in High Schoo! 
tor ogy: Data from a Questionnaire. The American Subjects. Office of Education Bulletin, 1938, 
the Biology Teacher, October, 1941. Op. cit. Number 6, Washington, D. C. 
ler- 
TABLE V 
CHEMISTRY ENROLLMENTS 
Number Total Per cent Per cent 
of Schools School Enrollment of Total Total Science of Science 
e Area Offering Enrollment in Chemistry Enrollment Enrollment Enrollment 
mt New England 29 39,014 4,502 11.50 24,335 18.50 
Middle States 58 110,650 10,494 9.50 87,021 12.10 
Southern States 63 77,748 5,800 7.45 59,059 9.85 
North Central 69 114,032 7,942 6.80 75,312 10.50 
Rocky Mt. States 45 32,565 3,139 9.60 21,807 14.35 
Pacific States 36 57,770 5,649 9.85 35,275 16.00 
United States 296 431,779 37,556 8.70 302,809 12.40 
=a 
6.80% 
BY 1.5% 
EA 7.45% 
0 9.65% 
| Ficure 5.—Distribution of Chemistry in the United States (by areas) Based on Total School 
Enrollments. ' 
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istry enrollments are gradually increasing. 
This fact is undoubtedly due to numerous 
courses in general and descriptive chem- 
istry which have recently been added to 
Some of these are shown 
It is 
interesting by reference to the accompany- 
ing table and figure to notice that the New 
England states still show the largest per- 


the curriculum. 
in the state statistics already given. 


centage of holdings in this subject. 
The physics picture shows clearly from 
Figure 6 and Table VI. It is obvious 
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that pure physics is slowly but steadily 
losing ground as has repeatedly been shown 
in recent tables) H. Emmett Brown * 
in a series of interesting papers gives 
reasons for this loss of gradual enrollment, 
and suggests means of improving the situa- 
tion. The best summary of physics enroll- 
ment is found in the bulletin entitled O ffer- 

28 Brown, H. E. The Plight of High School 
Physics. School Science and Mathematics, June, 
1939, December, 1939, February, 1940, April, 
1940, May, 1940, December, 1940, January, 1941, 
and February, 1941. 


TABLE VI 
Puysics ENROLLMENTS 

Number Total Per cent Per cent 

of Schools School Enrollment of Total Total Science of Science 

Area Offering Enrollment in Physics Enrollment Enrollment Enrollment 
New England 29 43,614 4,124 9.45 24,335 17.00 
Middle States 60 115,850 13,152 11.35 87,021 15.15 
Southern States 54 71,850 3,249 4.55 59,059 5.45 
North Central 71 109,333 6,060 5.55 75,312 8.00 
Rocky Mt. States 40 30,540 1,636 5.35 21,807 7.50 
Pacific States 36 59.670 3,600 4.50 35,275 7.60 
United States 290 430,857 31,830 5.60 302,809 7.95 
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Figure 6.—Distribution of Physics in the United States (by areas) Based on Total School 
Enrollments. 
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High School 
This paper gives no registra- 


ings and Registrations in 
Subjects. 
tions later than 1934, but indicates holdings 
of somewhat over 6 per cent at that time. 
Our figures for 1940 suggest a further 
drop, if 5.6 per cent for the United States, 
shown in Table VI, means anything. 

Tables II, V 
and VI and Figure 2, we see that the 


If, however, we turn to 


picture for chemistry and physics enroll- 
ment is not as black as statistics would 
make it appear. It will be seen that these 
tables indicate that in the twelfth year in 
particular, where physics has the largest 
percentage of holdings, that a number of 
new kinds of physical science have been 
developed in recent years. These, as 
shown in Tables VII and IX, occupy 12.3 
per cent of the holdings in the 11th year, 
and 14.92 per cent of the holdings in the 
twelfth year. It is obvious that such 
courses are taking care of the non-college 
students in 


preparatory chemistry and 


physics. These tables show the very great 
multiplication of new science offerings that 
have appeared within the last half of the 


2° Offerings and Registrations in High School 
Subjects. Office of Education Bulletin, 1938, 
Number 6, Washington, D. C. Op. cit. 
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NJ 
wm 


present decade. It will be noted that most 
of these subjects appear in the last two 
years of the senior high school. Obvi- 
ously, governmental statistics will not give 
us a true picture of the science situation 
until recognition is taken of these many 
new science courses introduced at the upper 
grade levels as terminal courses to take 
care of the student who will not go to 
college. 

A summary comparison of the findings 
just described with those of the previous 
papers which showed conditions existing 
in 1908, 1923, and 1930 is shown in Table 


? 


IX and to an extent in Figure 2. These 


show clearly certain definite trends in 


science sequence. Obviously general sci- 
ence is today strongly ensconsed in the 
ninth grade of the senior high school while 
biology has moved up to a commanding 
place in the tenth grade. Chemistry and 
physics still hold their places in the eleventh 
and twelfth grades, but their holdings are 
less than in the previous years. But their 


place is being supplemented by other 


advanced physical science courses, by 
advanced physiology and advanced biology. 
3otanv and zoology have almost disap- 
peared from the picture. It would seem 


that the prediction of a generalized science 


TABLE VII 


Science Courses OFFERED AT VARIOUS GRADE LEVELS 


Oth year 


No. of Per 


No. of 

Subject Courses cent Courses 
General Science 353 72.0 14 
Elmentary Biology 34 6.92 286 
Botany 2 
Zoology 4 
Human Physiology 12 2.46 8 
Chemistry 5 
Physics 2 46 5 
Physiography 6 1.22 7 
Other Sciences 40 8.15 24 
Advanced Biology 8 
Agriculture 44 8.94 41 





Total 491 404 


10th year 





11th vear 12th vear 
Per No. of Per No. of Per 
cent Courses cent Courses cent 
3.43 3 55 
70.9 28 5.18 5 9? 
48 4 74 7 1.27 
.99 3 55 4 72 
1.98 20 3.19 34 6.2 
1.24 211 38 6 154 28.02 
1.24 152 8.0 (4 37.2 
1.73 G9 1.65 1] 2.0 
5.94 67 12.3 82 14.92 
1.98 13 2.38 28 5.1 
10.10 35 7.86 20 3.65 
545 549 
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TABLE VIII 
DISTRIBUTION OF SCIENCE Courses BY GRADES OTHER THAN GENERAL SCIENCE, 
Brotocy, CHEMISTRY AND Puysics 





Grade Number 
—— —~ —_————, of States 
Subject 7 8 9 10 11 12 11-12 9-12 Offering 
\griculture 6 12 31 28 22 17 19 23 30 
Advanced Biology 8 9 13 19 = 15 
Botany - ae 2 a 2 6 a 6 
Hygiene 18 20 31 17 10 7 13 3 30 
Physiclogy 1 b 12 8 14 9 31 23 
Physiography 5% ] 6 7 6 5 9 16 
Zoology es 1 4 2 an 5 7 
Geology 6 6 7 
Astronomy ins 2 1 3 
Consumer Science ] l 7 6 
Physical Science ms — l + 2 12 8 
Senior Science a 6 8 19 19 
Survey Science 1 3 2 7 9 
The following subjects appeared one or more times: 
Household Science Materials of Industry Forestry Psychology 
Vocational Science Field Biology Photography Applied Science 
Advanced Science Biological Techniques Health Science Electricity 


Descriptive Physics 
Horticulture 
Hydroponics 


General Chemistry 
General Physics 
3acteriology 


offering, with different emphasis in differ- 
ent years of the high school, must even- 
tually be realized. 

In conclusion, we may say that in spite 
of the feeling on the part of science teach- 
ers that the sciences are losing ground, on 
the contrary they seem to be steadily 
gaining in enrollment and in offerings. 
This is especially true of enrollment at 
the lower grade levels and in offerings in 
the upper grade levels of the secondary 
schools, while the science of the junior 
high school is manifestly inadequate, both 
in the number of hours per week and is 
all too often dependent upon textbooks and 
reading instead of upon demonstrations 
and projects, still a very large number of 
pupils are having some contact with sci- 
ence at the present time. Biology enroll- 
ments appear to be increasing, and biology 
is spreading into the upper grades through 
the medium of advanced biology and the 
fact that many schools allow elementary 
biology to be taken by ilth and 12th 
year students who take no other science. 
Chemistry and physics, although appar- 


Nature Study 
Demonstration Physics 
(two-year course) 


Scientific Geography 
Math-Science 
Physical Science 


ently static as to enrollment, and appar- 
ently losing in the number of offerings, 
are on the contrary making rather rapid 
gains in both enrollments and courses 
offered, because of the new offerings called 
Survey Science,” “De- 
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“Senior Science, 


scriptive Chemistry and Physics,” and 


“General Chemistry and Physics.” While 
physiography and physiology are gaining 


grade subjects, botany and 


zoology have almost disappeared from the 


as upper 
picture. There are, in addition, a large 
number of vocational applications of sci- 
ence which appear as “consumer science,” 
“household science,” “‘vecational science,” 
“materials of industry,” horticulture, for- 
estry, photography, scientific geography, 
applied science and electricity. In addition 
to these we find agriculture widely given 
throughout the country, and in many states 
giving offerings as low as the seventh 
grade. Thirty states, according to our 
questionnaire, give agriculture specifically 
and indications from state boards of edu- 
Smith 


cation are, that, owing to the 
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Hughes Act and for other reasons, agri- 
culture is a basic science in many of the 
great plains and central midwestern states. 
(See Table VIII). 

A later series of papers will take up 
certain aspects of the 
especially with regard to objectives, meth- 


science situation 
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ods of teaching, and evaluation procedures. 
In this paper the summaries of statistics, 
maps and graphs are the work of the junior 
author, while the plan and authorship is 
that of the takes all 
blame for such errors as may appear in 


senior writer, who 


this paper. 


TABLE IX 
PERCENTAGES OF DIFFERENT SCIENCE CoursES OFFERED AT Various GRADE Levels DurING 
1908, 1923, 1930, anp 1940 as SHown By RETURNS OF QUESTIONNAIRES 






































| 
Sth year 10th year 

Courses 1908 1923 1930 1941 1908 1923 1930 | 1941 
i a a ol SEG Maes Fae De 
General Science 2.5 53.10 | 66.8 72.00 1.93 6.4 | 3.43 
Elementary Biology 10.0 16.09 | 18.8 6.92 | 7.25 48.13 45.3 70.9 
Botany 21.1 Ce) £3 1 acs | oe | Beet es COC 
Zoology 7.5 1.60 + irae | Oo f ie Fe 909 
Physiology 29.17 | 14.72 3.1 | 2.46 | 10.72 | 8.95 | 2.7 1.98 
Chemistry = a Bae 2.52 | 1.45 | 6.4 1.24 
Physics Pre 43 .26 | 46 7.88 | 2.66 LS 1.24 
Physiography 26.11 | 10.11 3.1 1.22 | 15.46 | 9.92 | 6.4 1.73 
Other Sciences 3.61 43 | 8.15 hex ee 1.3 5.94 
Advanced Biology ee Cees ee MT 4.4 1.98 
Agriculture | | 5.9 | 8.94 ean vee | 7.4 | 10.10 

| | 
llth year 12th year 

Courses 1908 | 1923 1930 194] 1908 | 192 1930 194] 
General Science cis ose fees .55 eae bac oa Fr 
Elementary Biology 2.09 3.47 | 1.8 5.18 1.95 2.67 .28 .92 
Botany | See 2.50 4.6 74 8.05 1.85 85 1.27 
Zoology | 7.19 1.87 | 2.3 s§ | 4.17 | 1.44 1.1 72 
Physiology | 6.29 6.88 | 4.5 3.19 9.01 | 5.97 6.8 6.20 
Chemistry | 28.14 | 39.64 | 48.6 | 38.60 | 40.55 | 41.38 | 28.4 28.02 
Physics | 41.31 | 40.09 | 32.0 28.00 | 25.00 | 39.30 | 49.1 37 .20 
Physiography 1.81 4.18 | 3.1 1.65 72a) 647 | 2.3 2.00 
Other Sciences | 2a 41 1.1 12:3 | 6.3; 1.4 2.8 14.92 
Advanced Biology eer coos | 28 2.38 | 3.1 5.10 
Agriculture aes she | 5.1 7.86 3.4 | 3.65 

| 




















AN EVALUATION OF IN-SERVICE EDUCATION DEVICES 
FOR MEETING SPECIFIC NEEDS OF SCIENCE 
TEACHERS IN SECONDARY SCHOOLS 


FRANKLIN T. 


MATHEWSON 


East View High School, White Plains, N. Y 


Within the past ten years, there has 
been a considerable increase in the average 
length of term which teachers remain in 
service. This factor, together with various 
stimuli for further education on the part 
of teachers, has focused attention on the 
problems of in-service education for teach- 
ers beyond and in addition to their pre- 
service preparation. 

In his study,! the investigator made an 
analysis of the professional needs of 
secondary-school science teachers in serv- 
ice and the means by which educational 
agencies may be most effective in their 
services to meet these needs. 

“Science teachers in secondary schools” 
is interpreted to mean teachers of physical 
and biological science (not mathematics ) 
in public junior and senior high schools. 


THE METHOD OF RESEARCH 


Hypotheses as to these needs and solu- 
tions were formed through a study of the 
related literature and carefully planned 
personal interviews with eighteen science- 
education experts and secondary-science 
teachers. Trends in secondary science 
were considered as one key to the needs 
of teachers not provided for by pre-service 
education. 

These hypotheses were submitted by 
questionnaire to people holding various 
types of educational positions. The evalua- 
tions of the 123 responses from classroom 
teachers, department heads, supervisors, 


professors of science education, editors, 


experts in other subjects, and science 
1 Mathewson, Franklin T. A Study of the 
Contributions of Certain Professional Activities 
to the In-Service Education of Science Teachers 
Unpublished doctoral dis- 
449 p. 


in Secondary Schools. 
sertation, New York University, 1941. 





teachers from foreign countries were care- 
fully analyzed. 

On the the above analysis 
tentative conclusions were made. A few 
of the items were modified, some new ones 
were added, and the combination of new 
and formerly-used items were submitted as 


basis of 


a revised, “final” questionnaire to other 
individuals. Useful responses from 433 
individuals, including representation from 
the first four groups mentioned above in 
addition to secondary-school administrators 
and a special questionnaire to State science- 
teacher association officers, gave additional 
data against which the conclusions could 
be checked. Replies were received from 
all States in the Union. 

Final conclusions are based on the data 
from three separate questionnaires with a 
total of 586 useful replies as well as infor- 
mation from personal interviews and a 
study of the literature bearing on the prob- 
lem. Consideration was given to recent 
changes in the secondary-school science 
curriculum, recent changes in pre-service 
teacher education, and related 
studies. 


research 


The evidence for the conclusions is set 
forth in some 67 tables in the original 
document. The responses to the question- 
naires, interviews, and the findings in the 
literature are presented in separate tables. 
The replies of the various groups consulted 
are also tabulated separately to show the 
points of view of each. It is not possible 
in this article to present the voluminous 
tabulated, and 


evidence accumulated, 


analyzed. 
CONCLUSIONS 
A study was made of the value of the 
in-service education solutions in meeting 
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the needs in general of secondary-science 
teachers. The solutions were found to 
have the following approximate relative 
value as expressed by the ranks: 


1. (H) * Science educational books and maga- 
zines 


1. (K) University or teachers-college campus 
or extension courses 

3. (M) Practice and experience 

4. (I) Science books and magazines 

5. (E) Research and curriculum revision by 
committees of secondary - science 
teachers 

5. (P) Individual initiative in preparation 
and research 

5. (J) Programs of science teachers’ asso- 
ciations 

8. (G) General educational books and maga- 
zines 

9. (F) Supervisors and department heads 

10. (O) Careful study of pupils—augmented 
by out-of-class contacts 

ll. (C) Visiting other teachers 

12. (D) Demonstration teaching 

3. (Q) Government agencies 

14. (L) Faculty meetings 

15. (B) Personal conferences 

16. (14) Wide reading 

17. (8) Close contacts with local industries 

18. (9) Exhibits and free publications of ap- 
paratus and publishing companies 

18. (N) Senior and junior academies of science 

18. (12) Visual-education department 

21. (1) Libraries 

21. (A) Radio 

23. (7) Codéperative undertakings by commit- 


tees of science teachers 


23. (2) Travel 
25. (11) Codperation with the English depart- 
ment 


26. (23) More time for laboratory and demon- 
stration preparation 


27. (28) Science clubs 


27. (10) Reports and yearbooks on science 
education by national committees 

29. (6) Teachers’ meetings and conferences 

31 (4) Better textbooks 

32. (15) Daily and Sunday newspapers 

32. (16) Studying fine arts 

34. (20) Contacts with other teachers 


* Letters and figures in parentheses are those used in 


Table I. 

It may be noticed that some of the solu- 
tions overlap, particularly those preceded 
by numbers in parentheses. For example, 
the writer considers the solution ranked 
27th (10), “Reports and Yearbooks on 
Science Education by National Commit- 


tees,” to be covered by the first place 
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“Science educational books and 
magazines.” 


solution, 
However, in spite of the in- 
clusion of the latter on the first question- 
naire, several respondents “wrote in’ the 
former solution and it was included in the 
final questionnaire as a “minor solution” 
as were all of the solutions in the above 
list preceded by numbers in parentheses. 

Practically no difference is shown in the 
relative evaluations of instructors with 
teachers college undergraduate preparation 
and those with liberal arts college educa- 
tion, although the former group rates 
government agencies and publications rela- 
tively higher 

Almost no difference is shown betweet 
the evaluation of solutions by department 


heads and the teachers in large and small 


schools. Teachers in the smaller schools 
(iess than three teachers) rate “‘research 
and curriculum revision by committees 
secondary science teachers” as a solutior 
for their needs somewhat lower than do 
the teachers in the larger schools. This 


mav be due 


to difficulties encountered 1 
“getting together.” The science teachers 
in the smaller schools rate these solutions 
more valuable than do the other groups 
“careful sutdy of pupils augmented by out 
of school contacts” and “government agen 
cies and publications.” This latter evalua- 


tion may explain the higher evaluation 
put upon government agencies by teachers 
college graduates, as more teachers with 
this type of training appear to be located 
in the smaller schools. Therefore, some 
evaluations may be conditioned more by 
the location in which the teacher finds 
himself than by his pre-service training 

A comparison of the evaluations of the 
teachers as a combined group with the 
professors of science education and the 
administrators shows a greater variation 
but remarkable agreement of many solu- 
tions. Teachers rate “research and curricu- 
lum revision by committees of secondary 


much higher than do the 


science teachers 


professors or the administrators. The pro- 
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TABLE I 


CONCLUSIONS AS TO THE NEEDS OF SECONDARY-SCHOOL SCIENCE TEACHERS IN SERVICE AND THE 
RELATIVE VALUE OF EpUCATIONAL AGENCIES AND Devices IN MEETING THESE NEEDS 


Needs * Solutions + 
ee en A 10. 2 
1. Making science more functional, providing Hf I Oo M Jj x £ § P A 27. 
adjustments and applications to life 
2. Skill in organizing the content and methods M H K E P F € JI J D 29. 
of science to achieve the aims and objec- 
tives 30. 
3. Skill in arousing and holding the interests M O D C 4H r kk & J F 31. 
of science pupils, motivating their work 
4. Developing warm-hearted, sympathetic per- O M B C P 2 2 14 16 208 32. 
sonality 33. 
5. Giving more emphasis on problem solving M H K P D E [I 4 @O J 
and the scientific method 34 
6. Testing other than memorized factual ma- M K H E P F G D O B 2 
terials 
7. Providing diversified and increased pupil M O 28 I 2-2 . 2B 
activity beyond recitation and required 35. 
laboratory experiments 
8. Developing a broad, general, cultural back- 14 2 S. & I “MB FP A SES @ 35. 
ground beyond science 
9. Providing a science sequence extending from E K H F J G 10 6 7 I 38. 
grades 1 to 12 or 14 39. 
9. Evaluation of pupils’ work in terms of stated O M K H E F B L P 7 
aims and objectives 40. 
11. Giving more emphasis to the personal and H_ I = ©) EFJjgzJXk €& 2 & 
social implications of scientific principles, 41. 
generalizations, and discoveries 
12. Understanding broadly the aims of science H K G J iI E 10 5 F 14 42. 
education in relation to the objectives of 
general education 43. 
12. Skill in organizing combinations of methods M K D C H P F O €§£ J 
for different units and student groups 44. 
14. Understanding child and adolescent psychol- O G K M B H E L Pp ** 
ogy, their drives and interests 
15. Skill in questioning and discussing =» € pe Kk FF BS Oo 6 45. 
16. Giving more emphasis to conservation edu- Q_ 1 i ae en oe ee 46 
cation : 
17. Skill in using various methods = £ 2 &.2 2 6g I F 47. 
18. Skill in using visual aids as a codrdinated M 12 K P C D H Jj F I 
part of the teaching process 48. 
19. Locating, securing, and making visual aids 12 H 9 I K J P F Q Cc 
19. Giving more emphasis to consumer education E Q H K _ I G Jj P 2 2 49 
21. Giving more emphasis to safety education °& &£€ HE a J A M P . 
21. Promoting pupil determination and solution O P M B 17 28 H J K G 30. 
of their own problems involving science in 5] 
science classes —d 
23. Understanding and knowledge of the aims G K _ I EH Jj M 14 F P 55 
and objectives of general education —_ 
24. Assistance in the reorganization and integra- FE K H F J mn st US € Pp 53 
tion of specialized science courses, formerly — 
taken, to meet secondary-school science = 
needs 54. 
25. Giving more emphasis to health education Q E H K O I J G F a 
25. Noncollege- preparatory secondary-science E H K O J F 8 M G P ie 
courses 
27. Developing more extensively an understand- H M K_ I S 2 4 D Jj F 
ing of scientific principles and generaliza- of i 
tions ie 
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TABLE I—Continued 
CONCLUSIONS AS TO THE NEEDS OF SECONDARY-SCHOOL SCIENCE TEACHERS IN SERVICE AND THE 
RELATIVE VALUE OF EDUCATIONAL AGENCIES AND Devices IN MEETING THESE NEEDS 


Needs * 


27. Coérdinating science and other subjects in 
the secondary curriculum 

29. Knowledge of the latest developments in 
fields of scientific research 

30. Knowledge of various methods 

31. Giving less emphasis on facts to be mem- 
orized as an end in themselves 


32. Giving more emphasis on sex education 

33. Knowledge of new and striking demonstra- 
tions 

34. Organizing and conducting science clubs 

35. Integrating within secondary science tending 


to erase sharp demarcation lines between 
biology, physics, and chemistry 

35. Developing applied science courses for sec- 
ondary vocational curricula 

35. Organizing and conducting museum, indus- 
trial, and nature field trips 

38. Knowledge of specialized sciences 

39. Using supplemental reading as a coérdinated 
part of the teaching process 

40. Skill in manipulative techniques with lab- 
oratory apparatus 

41. Developing physical-science courses for the 
upper grades (unified) 

42. Skill in using radio and recordings and 
coordinating them with teaching 

43. Using and evaluating notebooks or work- 
books 

44. Coping with mental ability of students enter- 
ing secondary-science classes, which is 
becoming less 

45. Using and demonstrating the newer appa- 
ratus of research in fields of science 

46. Developing generalized survey courses 

47. Providing more demonstrations and less pupil 
laboratory work 

48. Creating greater opportunity for the excep- 
tional pupils 

49. Knowledge of the particular needs of the 
locality 

50. How to codperate with, and secure the codp- 
eration of, social agencies 

51. Skill in teaching pupils of lower age and less 
maturity 

52. Developing dexterity with the more common 
tools used in making projects 

53. Knowledge of agricultural and mechanical 
education 

54. Knowledge and skill with pupil-teacher 
demonstrations 


* The needs are arranged in their approximate order of 
importance with the more important ones beginning the list. 

+ The solutions are arranged in their approximate order 
of importance with the most important one in column 
“3.” oe 

t Letters represent ‘“‘major” solutions and numbers are 
those of “minor’’ solutions, each of which may be found 
in the list on page 34. 


Solutions + 
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Needs 48-54 were written. in on the final 
questionnaire. Perhaps some or all of them 
should be rated higher. There is insufficient evi- 
dence from this research for their accurate eval- 
uation with the first 47 needs. Insufficient data 
were obtained for evaluating agencies for meeting 
these needs. 

The recent declaration of war may have altered 
the relative position of some needs and raised 
new ones. 


§ Significant solutions written in that merit mention 
include: lighter schedule, rest, diet, sleep. 
** Without sufficient objective support the investigator 


inserts “be a parent,”” written in twice, or at least live 
in a family with children. 
§ Senior and junior academies of science are rated 


eleventh and would seem to deserve mention 
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fessors rate “programs of science teachers’ 
associations” considerably higher than do 
the administrators. These same administra- 
tors, as one might expect, consider as much 
more valuable than do the other groups: 
“supervisors and department heads” and 
“general educational books and magazines.” 

The data given in Table I show at the 
left the more important needs of secondary- 
school science teachers in service arranged 
approximately in their order of impor- 
tance. The columns at the right show the 
approximate relative value of various agen- 
cies and devices for meeting the particular 
need at the left. The letters in these 
columns represent “major” solutions for 
meeting needs given special consideration 
in this study and the numbers represent 
“minor” solutions. In each case the sym- 
bols for the solutions are those used for 
evaluation purposes on the final question- 
naire. The in-service education agencies 
which they represent are shown in the 
previous list. The data show, for example, 
that the need “Making science more func- 
tional, providing adjustments and applica- 
tions to life” is the most important one to 
science teachers and that the solution “H” 
(Science educational books and magazines ) 
is the most important one in meeting that 
need, with “I’’ (Science books and maga- 
zines) the second best solution, “O” 


[Vor. 26, No. 2 


(Careful study of pupils—augmented by 
out-of-class contacts) third, et cetera. 

More detailed study is given the in- 
service education agencies: (1) university 
and teachers-college courses for science 
teachers ; (2) science teachers’ associations, 
both State and National, including year- 
round programs as well as annual or 
conference-meeting programs; (3) maga- 
zines for science teachers, including evalua- 
tions of the more important existing 
magazines and the services desired in 
science educational publications; and (4) 
supervision for science teachers, including 
evaluations of the various agencies of 
supervision and the fields in which they 
may serve the science teacher best. The 
findings relating to the above agencies are 
too long to be included in this article. In 
general, there is considerable dissatisfaction 
with their present functioning for in-service 
education. They apparently are not con- 
tributing any more to the important needs 
of science teachers than they are to those 
needs of lesser importance. The original 
document gives concrete recommendations 
for the improvement of the above agencies 
in meeting the needs of secondary-school 
science teachers in service, based on the 
findings of this research. It is expected 
that findings and recommendations relating 
to the above four agencies will be presented 
in other articles. 
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A STUDY OF FACT RETENTION IN GENERAL SCIENCE * 


RoBert T. ZEIGLER 
Pekin, Illinois 


How many facts would a high school 
student know at the end of his four-year 
if he them all? If 
we consider the relatively large number of 
facts taught in each high school subject, 


course, remembered 


it is no wonder that a large percentage oi 
them are forgotten. No one knows what 
this total number of facts would be, but 
they would undoubtedly be numbered in 
the thousands. The study to be described 
in this article was made to determine just 
how many facts were taught in one subject 
only, general science. If we attempt to 
teach an equal number in each of fifteen 
other subjects, then the total number of 
facts taught in a four-year course can be 
approximated. 
determine not only this number of facts, 
but to find by means of tests which facts 
were best retained by pupils three years 
after they had studied general science. A 
third problem was to find which facts were 
best retained by freshmen who had just 
finished a year’s study of general science. 

The related facts stated in this general 
science textbook were listed for each unit, 
the complete list 
thousand. The following are examples of 
these listed facts : 


This study was made to 


including nearly one 


. All insects have six legs. 

. John Burroughs was a great naturalist 

. Warm air is lighter than cold air. 

. An acid turns blue litmus paper red. 

. Foods may be preserved longer in very cold 


7Okwnd 


~ 


These and nine hundred others were 
first listed. To test for retention of these, 
an examination 
hundred twenty-five multiple choice items. 
These items were organized under thirteen 
units which were called: (1) Matter, Work 


was constructed of two 


*A full report of this study will be found in 
an unpublished Master's Thesis completed at the 
University of Iowa. 
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Water, (4) 
Weather, 


and Machines, (2) Air, (3) 
Heat, Light and Sound, 
(0) 


Electricity, 


(5) 
Solar System, (7) Magnetism and 
(8) Communication, (9 
(10) Soil, 
Agriculture, (11) Foods and the Human 


Body, (12) Health, (13) 


Origin of Living Things. 


Transportation, Plants and 


Community 


The test questions were the type of mul- 
tiple choice in which a direct question is 
stated 
Some examples follow : 


and followed by four responses. 


Which man did not aid in discovering the 
carrier of yellow fever? (1) Reed, (2) Bur- 
roughs, (3) Lazear, (4) Carroll. 

Which is not a characteristic of acids? (1 


Sourness, (2) they change blue litmus paper red 


(3) they dissolve metals, (4) they change red 
litmus paper blue 
What causes day and night? (1) Inclination 


of the earth’s axis, (2) rotation of the earth on 
its axis, (3) revolution of the sun around the 
earth, (4) revolution of the earth around the sun 

When does the mercury in a 
down? (1) When the air 
(2) when altitude decreases, (3) 
becomes colder, (4) when fair 
approaching 

Which is used in a hot air heating 
(1) Radiators, 2) Boilers, (3) 
(4) Expansion tanks 


barometer go 
becomes moist, 
when the ait 


weather is 


system ? 


Registers, 


The 


were the ones who had studied no other 


senior group of students selected 
sciences (Biology, Physics or Chemistry) 
in high school. Nearly two hundred seniors 
checked, the 


thirty-five seniors were available for 


were carefully result being 


that 


this study. Their intelligence quotients 


and general science grades were recorded, 


and a matched group was selected from 


the freshman classes in general science 
Near the close of school the examination 


was administered to both groups under 
identical conditions. 
The results (from critical ratios) indi- 


cated that there was a significant differ- 


ence between the two groups. As might 
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be expected, the freshman group excelled 
on every part of the examination. Mean 
scores (expressed in per cent correct) on 
several unit tests are given here: 


Test ] 6 7 8 10 11 
Seniors 62.1 31.8 $2.5 #7.2 37.2 33.1 
Freshmen 78.5 75.4 60.6 66.3 80.5 75.4 


It will be seen, for example, that the 
seniors obtained their highest mean score 
on “Matter, Work and Machines” ; second 
and third highest on “Water” and “Com- 
munity Health,” respectively. Least reten- 
tion was shown on “Communication” and 
“Magnetism and Electricity.” The fresh- 
men received the highest score on “Com- 
munity Health” and were also lowest on 


the units relating to electricity. We may 
account for this when we consider the 
difficulty many people encounter (even 
adults) in trying to understand electricity 
and its many uses. The senior group 
apparently retained only those facts which 
met their needs during their everyday 
living. Many of us use little electrical 
knowledge simply because we have special- 
ists in this line of work whom we call upon 
when needed. 

While much of the information taught 
in the general science course and other 
courses, is practical and useful, much em- 
phasis is placed obviously on a _ large 
number of facts which will not be retained. 


DEVELOPING A SOURCEBOOK OF EXTRA-CURRICULAR 
ACTIVITIES IN PHYSICAL SCIENCE FOR 
SENIOR HIGH SCHOOLS * 


ALEXANDER JOSEPH 
Bronx High School of Science, New York City 


HISTORY OF THE PROBLEM 


Since the formation of the Illinois Junior 
Academy of Science in 1919, Junior Acade- 
mies of Science have been formed in 18 
states under the sponsorship of the State 
Academies of Science. The American In- 
stitute of the City of New York has organ- 
ized a junior division called the Science 
and Engineering Clubs with member clubs 
in 46 states, Alaska and Porto Rico. The 
total number of member clubs is 717. The 
Student Science Clubs of America had a 
total club roster of 783 clubs from senior 
high schools in 1939. The work of this 
organization was taken over by the Ameri- 
can Institute of the City of New York 
in 1940. 

The American Institute of the City of 
New York has been devoting itself since 

* Adapted from Joseph, A. .4 Sourcebook of 
Extra-Curricular Activities in Physical Science 
for Senior High Schools, New York: Ed.D. 
document, published by the author, School of 
Education, New York University, 1941, pp. 229. 


1827 to the popularization of science and 
its applications. Some of the achievements 
which it brought before the public as an 
aid to the inventors were the telegraph, the 
reaper, the rotary printing press, the sew- 
ing machine, the telephone and numerous 
other scientific advances and inventions. 
Horace Greeley was one of its presidents 
for twenty years. Its membership is com- 
posed of scientists, engineers and science 
educators. Since 1927 it has been devoting 
its efforts to adolescent extra-curricular 
activity in science. Of the original number 
of Student Science Club of America mem- 
ber clubs, 117 are now affiliated with the 
Science and Engineering Clubs. The re- 
mainder still exist as independent clubs. 

Since September, 1941, a new organiza- 
tion, The Science Clubs of America, spon- 
sored by Science Service of Washington, 
D. C., has taken over the national phase of 
the science club program of the American 
Institute of the City of New York. The 
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American Institute Science and Engineer- 
ing Clubs continue in New York State. 
Membership in the Science and Engineer- 
ing Clubs includes a membership in the 
Science Clubs of America. 

Meister * students 
who take part in extra-curricular activities 
in science do slightly better in science than 


demonstrated that 


those who do not take part in extra-curricu- 
lar science activities. 
by tests administered at regular intervals 
to two science clubs of thirty members each 
and to a control group of the same size 
over a three-year period. 


This was determined 


Rohrbach states in the conclusion of his 
study ? made in 1925 as the result of an 
examination of the science club programs 
of 107 senior high schools that “There 
should be more experimentation and each 
club member should do some individual 
piece of work and report his results to the 
club for discussion.” In the same study 
on the basis of replies from six thousand 
student club members he states: “The re- 
ports from students indicate that guidance 
in the choice of activities needs much more 
emphasis.” 

Astell concludes in his study* of the 
1931-1932 programs of the 55 Junior 
Academy of Science Clubs of Illinois: 


“Apparently, the programs of these clubs are 
largely devoted to the extension of the work 
dealt with in class at about the time of the 
meeting and in extreme cases constitutes little 
more than regular class work.” 


In 1938 Arthur Lazarus analyzed a ques- 
tionnaire * submitted to 48 New York City 
high school physical science club leaders 
and concluded: “There is a serious lack of 


1M. Meister. The Educational Value of Cer- 
tain After School Materials and Activities in 
Science, p. 156. 

2Q. A. W. Rohrbach. Non-Athletic Student 
Activities in Secondary Schools. 

83L. A. Astell. “The High School Science 
Club.” Bureau of Educational Research Bulletin 
Number 60, University of Illinois. 

‘A. Lazarus. E-xtra-curricular Projects in 
Science in the Secondary Schools of the City of 
New York. 
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objective knowledge about extra-curricular 
projects.” 

Meister made the following statement on 
the basis of questions sent to the editor of 
The Science Classroom by teachers request- 
ing help. These requests were received 
from 1920 through 1938. 


“One of the greatest needs of our profession 
today is a compendium or handbook of effective 
teaching demonstrations organized around the 
commonly used units of science study. Until the 
time when such a handbook is written and made 
available to teachers of high school sciences, 
every teacher should build a reference file for 
such materials. Good demonstrations can be 
gathered from many sources. The standard text 
books contain many. These usually are the more 
stereotyped variety.” 5 


In 1939, Meister stated: 

“Demonstrations as a rule are more vital to 
the life of a science club than lectures.”*® This 
statement was based upon an examination of the 
club activities of the Science and Engineering 
Clubs which had taken part in the Annual Science 
Fair and in the Annual Science Congress which 
are both held annually at the American Museum 
of Natural History. 


Zim, in his dissertation * in 1940, con- 
cluded that there is little relationship be- 
tween the course of study in science and 
the extra-curricular interests of the stu- 
dents in science. Zim based his conclusion 
upon an analysis of the course of study 
and the statements of students of The 
Lincoln School, The Dalton School and 
The Fieldston School in New York City, 
The Memorial High School in Pelham, 
New York and The 


School in Bronxville, New York, concern- 


Bronxville High 
ing problems of scientific nature which per- 
plexed them and which they felt required 
an immediate answer. 

In 1940, H. H. Sheldon, 
Trustee of the American Institute of the 


Managing 


5M. Meister. 
Questions.” 
1938. 

6M. Meister. How to Organise a Science 
Club, 

7H. S. Zim. 


of Adolescents 


“Demonstrations that Answer 
The Science Classroom, November, 


Science Interests and Activities 
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City of New York made the following 
statement: 

“Reports of the Committee on Junior Science 
Academies based upon requests for information 
from people interested in starting science clubs in 
the various states show that one of the most 
important needs confronting new science clubs is 
a ‘library of experiments.’ ” ® 


In January 1941 the Aims Sub-Commit- 
tee of the Junior Activities Committee of 
the American Institute of the City of New 
York reported a need for a “library of 
experiments” after a careful analysis of the 
activities of the member clubs in order to 
meet the following needs: 

“1. To acquaint young people with a_ wide 
variety of scientific information and with the 
activities through which such information is 
produced. 

“2. To promote worthwhile satisfaction from 
science activities commensurate with the age and 
ability of the members. 

“3. To develop a point of view with illustrative 
techniques in science education which may be 
applied in the classroom or other educational 


situations.” 9 
PAST AND PRESENT COLLECTIONS OF 
SCIENCE CLUB PROGRAMS 
AND EXPERIMENTS 


Four books '° have been published each 
containing one hundred simple activities 
which duplicate material found in standard 
courses as defined for the purposes of this 
study. Five additional volumes contain 
materials on demonstrations in physics and 
chemistry which are intended for use at the 
college level by instructors. The following 
quotations from these five books demon- 
strate that these were not intended to serve 
as extra-curricular material for senior high 
students of physical science. 

Sutton states: “This is a cookbook for teachers 

of physics, a book of recipes for the prepara- 





S Minutes of the Junior Activitics Committee, 
American Institute of the City of New York, 
December 9, 1940. 

® Report on Junior Activitics, American Insti- 
tute, January 1941. 

10Q. J. Barlow and J. O. Frank. Mystery 
Experiments in Chemistry. C. J. Lynde, Science 
Experiences with Home Equipment, Volumes I, 


II and III. 
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tion of demonstration experiments to illus- 
trate principles that make the subject of 
physics so fascinating and important to our 
understanding of the world about us.” 12 

Arthur states: “The book is a complete labora- 
tory manual for the lecture demonstrator.” !* 

Fowles states: “The motive for this work is 
to deal comprehensively with the lecture 
experiments for helping the teacher with his 
work of teaching chemistry.” 1% 

Elder states: “It is expected that the teacher 
of chemistry will find this collection of 
demonstrations helpful.” 34 

Newirth states: “This work is primarily in- 
tended for the chemistry lecture demon- 
strator.” 15 


Hitchcock '° in his dissertation on demon- 
stration experiments in physics makes the 
following statement. 


“In general this book may be useful to three 
classes. The first class includes two groups of 
teachers of physics, both the group who have 
made this subject their main objective, and also 
the group who are teaching physics as an added 
subject to their specialty, without having much 
preliminary training in physics. The attention of 
the first group is especially directed to the added 
material given in Appendix Section 7, while both 
groups may find useful the compact presentations 
and simplified figures. It is hoped that Chapter II 
on lecture demonstrations will also be of benefit 
to both groups. In addition the detailed matter 
in Chapter IX on ‘Materials, Processes and 
Finishes,” and Chapter X on ‘Eqquipment and 
Projection Methods’ may be helpful to the lec- 
turer mechanic or. his assistant.” 

“The third class to whom this book is directed 
are the pupils who may find challenging and fas- 
cinating experiments whiclt demonstrate the prin- 
ciples of physics in a straightforward manner.” 


In 1934, 
twenty science projects’ for use at the 


Senjamin ‘Taplitz presented 


junior high school level. These twenty 


projects were determined by teacher prefer- 


11R. M. Sutton. Demonstration Experiments 
in Physics, p. 1. 

12 P, Arthur. 1000 Demonstrations in General 
Chemistry, p. vii. 

13 E, Fowles. Chemistry Lecture Experiments, 
p. Vii. 

144A. L. Elder. Demonstrations and Experi- 
ments in General Chemistry, p. vii. 

15H. Newirth. Chemistry Lecture Demonstra- 
tions, p. V. 

16R. C. Hitchcock. Demonstration E-xperi- 
ments for Courses in Physics for General Educa- 
tion, p. 11. 

17 B. Taplitz. Tested Projects for Science Club 
Work in Junior Hiah School. 











enc 
thir 
pro 
Salr 
ects 
Too! 
acc 


the 


one 
‘Li 
pul 
tem 
cea: 
in 
dev 
pur 
ade 
per 
the 
tak 
of 
Scie 


SCl€ 
rep 
let’ 


pre ) 
wel 
ren 
pla’ 
in 


mai 


tor 


resi 


tior 
tion 
191, 


cep 


in- 
non- 


10n- 
the 


hree 
S of 
have 
also 
dded 
nuch 
yn of 
dded 
both 
tions 
er II 
nefit 
atter 
and 
and 
lec- 
ected 
fas- 
prin- 
ner.” 


nted 

the 
enty 
fer- 
nenis 
neral 
ents, 
peri- 
stra- 


peri- 
luca- 


Club 











Fes., 1942] 


ence after actual trials of fifty projects by 
thirty science clubs. A comparison of these 
projects with the course of study for the 
same schools shows that all of these proj- 
ects are actually a direct part of the class- 
room work and are not extra-curricular 
according to the definition of the term for 
the purpose of this study. 

The March of Science ** in 1934 devoted 
one page per month to the beginning of a 
“Library of Experiments’ and then ceased 
publication. The Amateur Scientist ™ at- 
tempted a similar compilation in 1935 and 
ceased publishing at the end of one year. 
in 1940 The Science Observer*® began 
devoting one page per month to the same 
purposes. These materials are as yet in- 
adequate sources. If only one or two ex- 
periments are presented a month during 
the school year it is obvious that it would 
take many years to form a small source file 
of extra-curricular activities in physical 
science. 

An analysis by the investigator of the 
science club programs of subscriber clubs 
reported in the weekly. The Science Leaf- 
let ** in 390 issues from September 1927 
to June 1940 reveals that only seventeen 
programs out of five hundred recorded 
were devoted to experimental work. The 
remainder were excursions, lectures and 
plays. This indicates a need for guidance 
in the selection of science club program 
material. 

A careful examination by the investiga- 
tor of the three major bibliographies of 
research in education,** ** *4 Curtis’ three 

18 The March of Scicuce, American Institute, 
1934. 

19 The American Scientist, American Institute, 
1935. 

20 The Science Observer, American Institute, 
Vol. II, No. 8, Vol. III, No. 1, 2, 3. 

21 The Science Leafict, The Chemical Founda- 
tion, Vol. 1-18, American Institute, Vol. 19-20. 

22 Bibliography of Research Studics in Educa- 
tion, 1926-1940, Office of Education. 

23 List of American Doctoral Dissertations, 
1912-1940, Library of Congress. 

*4R. Gilchrist. Doctoral Dissertations Ac- 
cepted by American Universities, 1926-1940. 
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digests *°» *®- 27 and two of the most com- 
monly used high school science club bibli- 
ographies ** °° reveals that they contain 
no titles devoted to the problem of this 


document. 


SUMMARY OF THE ANALYSIS OF THE 
LITERATURE 

\ summary of the analysis of the previ- 
ous literature reveals that: 

1. Science club programs are not usually 
experimental in nature. 

2. There is a felt need by science club 
leaders for a convenient source of experi- 
ments, experiences and projects for club 
use. 

3. Attempts by national science club or- 
ganizations to publish extra-curricular ex- 
periments, experiences and projects have 
been inadequate. 

4. The source books available in the field 
of physical science are not primarily in- 
tended for extra-curricular use. 

5. Science clubs sponsored by state and 
national scientific associations are rapidly 
increasing in number. 

6. One of the needs for successful extra- 
curricular activities in physical science is 
a source of experiments, projects and 
experiences. 

7. One difficulty in initiating new sci- 
ence clubs is the lack of a sourcebook of 
program material that is extra-curricular 
in nature. 

8. No attempt has been made to publish 
material which differentiates curricular ac- 
tivities from extra-curricular activities in 
physical science. 

25 F. D. Curtis. Digest of Investigations on the 
Teaching of Science, 1926. 

26F. D. Curtis. Second Digest of Investiga- 
tions in the Teaching of Science, 1931. 

27 F. D. Curtis. Third Digest of Investigations 
in the Teaching of Science, 1939. 

28. A. Astell. Bibliography for High School 
Science Clubs, 1932. 

29 Books for the Science Club Library, Ameri- 
can Institute, 1939. 





PURPOSES OF THE STUDY 


The major purposes of the study here 
abstracted were three: 

1. Differentiating the curricular activi- 
ties from the extra-curricular activities in 
physical science for senior high schools. 

2. Collating and evaluating critically the 
extra-curricular activities in physical sci- 
ence for senior high schools which have 
been published. 

3. Presenting each evaluated activity 
which meets certain criteria in such form 
that it might be useful to the student of 
physical science in senior high school as an 


extra-curricular activity for the subject. 


THE PREPARATION OF A CHECK LIST OF 
““STANDARD’ EXPERIMENTS, EXPERIENCES 
AND PROJECTS IN PHYSICAL SCIENCE 
FOR SENIOR HIGH SCHOOLS 


In order to determine which experi- 
ments, experiences and projects in physical 
science were extra-curricular, a careful 
study of the experiments, experiences and 
projects which are listed for use in thirty- 
four printed state and city syllabi, text- 
books and laboratory manuals in physics 
and chemistry printed during the decade 
of 1930-1940 for high schools was made. 
These items were arranged in accordance 
with the headings of Edward’s *” 
Downing’s *! lists of principles in physics, 
Pruitt’s ** Synthesis of subject matter in 
chemistry and Sites’** list of chemical 


and of 


principles. 

It was arbitrarily decided that all experi- 
ments, experiences and projects which ap- 
peared at least three or more times in the 


30 FE. W. Edwards. The Selection of Principles 
Suitable as Goals of Instruction in High School 
Physics, 1935, pp. 22-38. 

31 EF. R. Downing. Teaching for the Develop- 
ment of Basic Principles in Science Courses, 
Science Education, Nov. 1929, pp. 298-303. 

82C. M. Pruitt. An Analysis, Evaluation, and 
Synthesis of Subject-Matter Concepts and Gen- 
eralizations in Chemistry, 1935. 

33 J. T. Sites. Chemical Principles, Concepts, 
and Technical Terms Used in Science Magazines, 
1930. 
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laboratory manuals, textbooks or syllabi 
should be included in the “check list” or 
“standard course.” 


ESTABLISH MENT OF CRITERIA 

A. Criteria for the Selection of Extra- 
Curricular Activities in Physical Science. 
If the extra-curricular activities in physical 
science are to be worth the time and effort 
devoted to them by the student and teacher, 
some means of evaluating these activities 
becomes essential. The mere fact that 
some activity is not in the “standard 
courses” does not necessarily make of that 
activity a valid, extra-curricular experi- 
ment, experience or project in physical sci- 
ence in senior high school. In attempting 
to determine which of the activities collated 
from the books and magazines other than 
the “standard course’ sources would be 
useful as extra-curricular activities, the 
urgent necessity for an evaluation on the 
basis of some criteria became obvious. 

Discussions were held with a group of 
experienced teachers and supervisors who 
were the investigator’s fellow members of 
a science education seminar at New York 
University. The investigator also consulted 
with Professors C. J. Pieper and M. L. 
Robertson, and with twenty-five leaders of 
physical science clubs. These discussions 
led to the conclusion that the extra-cur- 
ricular activities might best be chosen by 
the application of certain criteria to each 
activity in order to determine its usefulness 
and validity for extra-curricular work in 
physical science for senior high schools. 

The criteria which were tentatively se- 
lected were based upon certain research 


documents on science teaching.**-** 


%4C. W. Barnes. Criteria for the Selection 
of Science Teaching Materials, Science Education, 
Vol. XIX, pp. 152-157. 

55 R. O. Beauchamp and H. A. Webb. Re- 
sourcefulness an Unmeasured Ability, School Sci- 
ence and Mathematics, Vol. XX VII, pp. 457-465 

36 E. R. Downing. Introduction to Science 
Teaching, pp. 57-58. 

87G. Hunter and R. Knapp. Science Objec- 
tives and Scope of Course in Science in Junior 
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Those criteria which were applicable to 
the problem of this investigation were pre- 
sented to the seminar, club leaders, and 
Professors C. J. Pieper and M. L. Robert- 
son. The eleven tentative criteria listed 
below were selected by these people as most 
useful for the purpose of this study. 


Is it scientifically sound? 

Is any danger involved? 

Is the set-up simple? 

Is it inexpensive ? 

Is it accurate? 

. Does it require some measure of resource- 

fulness ? 

. Does it demonstrate adequately the principle 

or concept with which it is concerned? 

8. Can it produce any hobby outcomes? 

9. Can the activity be undertaken in school with 
materials readily available in school or at 
home? 

10. Does it arouse pupil interest? 

11. Is the activity socially acceptable? 


Anew Ne 


™ 


It was also deemed desirablé by the 
group consulted that a number of criteria 
no larger than six be chosen by a compe- 
tent jury from the eleven tentative criteria. 
Six was arbitrarily selected as the most 
practical number for applying the criteria 


and Senior High School, Science Education, Vol. 
XVI, pp. 407-416. 

38 Martin L. Robertson. A Basis for the 
Selection of Course Content in Elementary Sci- 
ence, Third Digest of Investigations in the 
Teaching of Science, pp. 3-6. 

89 Science Laboratory Safety Rules, Board of 
Education, N. Y., 1939. 
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to the extra-curricular experiments, experi- 
ences and projects in physical science. 

The eleven tentative criteria were sub- 
mitted to a jury of five science educators 
and thirty-four teachers who were leaders 
of physical science clubs in senior high 
school. 

The five science educators who gra- 
ciously agreed to cooperate in the problem 
were: Francis D. Curtis, Charles E. Dull, 
Morris Meister, Charles J. 
Hanor A. Webb. 


The physical science club leaders who 


Pieper, and 


kindly agreed to cooperate with the inves- 
tigator were located in Texas, Oklahoma, 
Michigan, Pennsylvania, Missouri, Minne- 
West Virginia, Ohi 
Kansas, Nebraska, New York, New Jer- 
sey, Indiana and North Carolina, New 
York City and Philadelphia. 


The results of the choice of criteria by 


sota, Wisconsin, 


the judges will be found in Table I below. 

The five criteria receiving the highest 
number of votes by both the science educa- 
tors and physical science club leaders were 
taken as the first five of the six criteria 
which were to be used to evaluate the 
extra-curricular activities in physical sci- 
ence. Since the vote of the science educa- 
tors was distributed equally among the 
other criteria with the exception of num- 
bers 3 and + which received one vote and 


no votes respectively, the remaining 


TABLE I 


TABULATION OF CRITERIA CHOSEN 
THIRTY-FOUR PHysICAL 


BY Five Scrence Epucators AND 
Science Cius LEADERS 


rf) r 
Five Science s 
Criteria Educators Club Leaders 
ae, ae CI NUIT 5 a sic g'n's ewe eeweais ace @eesins’s 5 29 
ST BONNE 6 ck onc wecncacaceecsevsaces 16 
a ig rk hg a ea aes wikis wal? 346 sisie 1 ll 
OR nr oo rr ee 0 16 
OEP See a eee a eee 2 8 
6. Does it require some measure of resourcefulness?........... bits abot 5 29 
7. Does it demonstrate adequately the principle or concept with which 
cand civ cn bank ikaseadaeweads 240406 ss 5 18 
8. Can it produce any hobby outcomes?............... ohana ei 2 20 
9. Can the activity be undertaken in school with materials readily 
available in school or at home?.................. 4 19 
10. Does it arouse pupil interest?...................... a 32 
ll. Is the activity socially acceptable?.................. 2 8 
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terion to be added to the five criteria was 
the one which received the highest vote 
from the club leaders. 


B. Development of Composite State- 
ments Defining the Selected Criteria. The 
second part of the questionnaire requested 
the judges to provide a statement defining 
each of the six criteria which he had chosen 
or to suggest a method for applying his 
selected criteria to the evaluation of extra- 
curricular activities in physical science. 

This information was considered to be 
necessary to enable the investigator to ap- 
ply the six criteria chosen by the jury to 
specific extra-curricular activities which 
had been collated from the sources other 


than the “Standard Courses” and to in- 


Criteria 
1. Is it scientifically sound? 


6. Does it require some measure of resource- 


fulness ? 


“NI 


Does it adequately demonstrate the principle 
or concept with which it is concerned? 


8. Can it produce any hobby outcomes? 


9. Can the activity be undertaken in school 
with materials readily available in school or 
at home? 


10. Does it arouse student interest? 


crease in some measure the objectivity of 
the investigator’s application of the criteria 
to the material. 

All, of the judges graciously responded. 
A composite statement or group of state- 
ments based upon the definitions and sug- 
gestions of the jury was devised in order 
to facilitate the application of the criteria 
to the extra-curricular activities in physical 
All the ideas expressed 


science. in each 
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statement were listed and the composite 
statement written to include all the ideas 
which had been submitted by three or more 
judges. 

The original statements of the judges 
and the composite statements for each se- 
lected criterion were submitted to two ex- 
perienced teachers of physical science who 
hold the Doctor of 
Both teachers checked the composite state- 


Philosophy Degree. 


ments against the original statements of the 
judges and found that the composite state- 
ments formulated by the investigator in- 
cluded the ideas expressed in each of the 
original statements of the judges and did 
not include any extraneous ideas. The 
composite definitions for the selected cri- 
teria are found below. 


Composite Statements 

It is scientifically sound when it is clearly de- 
fined, includes analysis, synthesis, requires pur- 
poseful activity, necessitates the formulation of 
an hypothesis, results in tentative conclusions and 
the verification of these conclusions. 

The activity must require the application of the 
steps of problem solving for the setting up, 
manipulation and interpretation of the experi- 
ment, experience or project. 

The activity must be specific enough in purpose 
and in plan to provide for the student a simple 
but specific illustration of a scientific principle or 
concept. 

The activity may lead to hobbies which are 
within the geographic, economic and _ physical 
resources of the student. 

The activity shall call for materials and condi- 
tions which teacher and student can provide in 
the average American home or community at 
meager or no cost and must have been tried by 
students or club members in the past. 

The experiment, experience or project must 
have been chosen by students as sufficiently inter- 
esting to cause them to desire to undertake the 
extra-curricular activity.* 


* This criterion was checked by submitting the 
evaluated extra-curricular activities in physical 
science to 300 high school students of physical 
science. These students were requested to indi- 
cate whether or not they were sufficiently inter- 
ested in each individual activity to undertake the 
problem if facilities were provided. The number 
of students choosing extra-curricular activities as 
interesting ones, ranged from 270 to 300. Thus 
the percentage of students who were interested 
in each activity varied from 90 per cent to 100 
per cent of the total group of 300 
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C. Determination of the Consistency of 
the Selection of Criteria by Five Science 
Educators and Thirty-four Science Club 
Leaders. In order to determine the relia- 
bility of the judges’ choices, the eleven 
original tentative criteria for the selection 
of extra-curricular activities in physical 
science were resubmitted to the science 
educators and to the club leaders approxi- 
mately one year after the first selection 
It will be noted 
that the science educators’ selection on the 


from the tentative criteria. 


second judgment agreed with the first 
selection perfectly. 

Fifteen 
chose the same six criteria which they had 


physical science club leaders 
selected the previous year while nine se- 
lected four of their original criteria and 
eight their 


selections. 


selected five of original 

In order to determine the group con- 
sistency of the 
teacher judges the following formula was 
derived in accordance with 
cedure for determining the consistency of 
class frequencies.*° 


science educators and 


Yule’s pro- 


=Si 


nc 


Where n is the number of judges (34) + (5) 

c is the number of criteria (6). 

Si is the product of the number of judges and 
the criteria which remained constant in the second 
selection. 

=Si 205 

Therefore —— =- = .901 or 90 per cent 

39(6) 
group consistency. 


According to Yule’s “Condition for Con- 
sistency” *? this result demonstrates that 
the data are consistent. 


TECHNIQUE FOR THE COLLECTION OF 
EXTRA-CURRICULAR ACTIVITIES IN 
PHYSICAL SCIENCE 

The publictions listed in Appendix B of 
the original were carefully examined for 
experiments, experiences and projects in 

40G. U. Yule. Introduction to the Theory of 
Statistics, Charles Griffin and Company, London, 


1940, p. 31. 
#1 Loc. cit. 
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physical science which did not appear in 
the “check list” of experiments, experiences 
and projects found in the “Standard 
Courses.” All 


publications which did not appear in the 


activities found in these 
“check list” were collected on individual 
cards.. Each card carried a diagram and 


all other pertinent information. These 
cards were then classified as to principle 
of science and filed in alphabetical order 
by the principle of science. The resulting 
collection was named “The Unevaluated 


Extra-curricular Activities in Physical 


Science.” 
METHOD OF APPLYING CRITERIA FOR THE 
EVALUATION OF 2,358 ACTIVITIES 
IN PHYSICAL SCIENCE 


The selected criteria were then applied 
to each of the unevaluated extra-curricular 
activities in terms of the composite state- 
ments of the definitions or suggestions for 
selected criterion 


each supplied by the 


judges. Only those extra-curricular activi- 
ties which in the opinion of the investiga- 
tor met all six criteria were retained for 


tabulation and presentation in Part II of 


this document. Part II] was named “The 


Selected Experiences, Experiments and 


Projects.” Each extra-curricular activity 
was placed on a separate page. The prin- 
ciple of physical science to which the 
experiment, experience or project was con- 
cerned was placed at the head of each page 
and the nature of the extra-curricular ac- 
tivity stated below it. Each extra-curricu- 
lar activity was divided into three main 
divisions, namely, materials, diagram where 
necessary, and procedure. The sources of 
each activity are indicated by the number 
of the activitv. Bibliography C, page 225 
of the document, indicated the exact source 
of each activity in the order of its presenta- 


tion. [wo hundred extra-curricular activi- 


ties were selected as the result of this 
procedure 
The source of the principles used as 


headings for each activity are the same as 
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those used for the headings of the “check 
list” or “Standard Course.” 


VALIDATION OF THE INVESTIGATOR’S APPLI- 
CATION OF THE SELECTED CRITERIA TO 
THE EXTRA-CURRICULAR ACTIVITIES 

The “Evaluated Extra-curricular Activi- 
ties” and the list of selected criteria were 
submitted to a new group of twenty-five 
high school physical science teachers who 
Each club leader was 
asked to apply the selected criteria to all of 
the evaluated activities. The purposes of 
this investigation were first outlined to each 
club leader. The instructions advised each 
club leader to mark as unsatisfactory any 
activity which in his opinion failed to meet 
all of the selected six criteria. No activity 
was discarded by more than eight club 
leaders. All activities which were found 
to meet all the selected criteria by twenty- 
three or more club leaders were retained 
for inclusion in Part II. This procedure 
left a remainder of one hundred and eighty- 
five experiments, experiences and projects 
for extra-curricular activities in physical 
science. 


were club leaders. 


CONCLUSIONS 

1. The programs of senior high school 
physical science clubs are not usually ex- 
perimental in nature. 

2. Science club leaders have evinced a 
felt need for experimental science club pro- 
gram material. 

3. As yet there has been no physical sci- 
ence club material available in 
convenient form to meet the needs of the 
constantly increasing number of physical 
science clubs. 


program 


4. Most non-textbook experiment publi- 
cations do not differentiate between curric- 
ular and extra-curricular experiments, 
experiences and projects. 

5. Curricular or “standard” experiments, 
experiences and projects found in thirty- 
four syllabi laboratory 
manuals in physics and chemistry are re- 
markably alike making them stereotyped. 


textbooks, and 


[Vot. 26, No. 2 


6. The more complete of the published 
sources of experiments, experiences and 
projects in physical science seem to be 
written primarily for the use of the instruc- 
tor; in many cases for use in college lecture 
demonstrations. 

7. There are many sources of non-cur- 
ricular activities in physical science which 
are not suitable for senior high school club 
use. 

8. The science educators consulted are 
completely consistent on two trials in their 
selection of criteria for evaluating extra- 
curricular activities in physical science for 
senior high schools. 

9. Physical science club leaders as a 
group are ninety per cent consistent in their 
selection on two trials of criteria for evalu- 
ating extra-curricular activities in physical 
science. 

10. The science educators and physical 





science club leaders agree in the selection 
of criteria for evaluating extra-curricular 
activities in physical science for senior high 
school. 

11. The physical 
teachers who checked the investigator’s 
application of the criteria to the extra-cur- 
ricular activities were in close agreement 
with each other. 

12. Allowing for human error it is pos- 
sible to apply criteria to physical science 
activities for the selection of extra-curric- 
ular activities in physical science. 


twenty-five science 


RECOM MENDATIONS 
1. The extra-curricular activities num- 
bers one to eighty-three are recommended 
for use by the senior high school chemistry 
club. 
2. Extra-curricular activities numbered 


from eighty-four to one hundred and 





eighty-five are recommended for use by 
senior high school physics clubs. | 
3. Many of the activities may be found | 
suitable for both physics and chemistry 
clubs. 
4. All of the activities may be used by 
clubs whose interests cover both the physi- 
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cal and chemical phases of senior high 
school science. 

5. Where cautions are provided, strict 
attention must be paid to them. All ac- 
tivities should be carried on in school un- 
der the supervision of the teacher sponsor 
of the physical science club. Careful rec- 
ords of each activity should be kept by the 
club for future reference. 

6. Many of the extra-curricular activi- 
ties may be used by teachers as a means of 
motivating introductory lessons for particu- 
lar units or principles to which they may 
be related. This may be especially valuable 
since it does not duplicate the standard 
activities. Such duplication may lead to a 
loss of interest on the part of the student. 

7. The check list of “standard” activities 
in physical science (see Appendix A), may 
be useful to the teacher of the physical sci- 
ences as a source or reminder of curricular 
experiments and demonstrations which 
might prove valuable for classroom or 
laboratory instruction. 

8. The extra-curricular activities may 
also be used to supplement the work of the 
usual high school physics or chemistry 
course in the absence of a science club. 

9. The extra-curricular may 
be used as a partial source for the enrich- 
ment of the high school physics or chem- 
istry course. 

10. Most of the experiments if demon- 
strated with sufficiently large apparatus 
lend themselves to physical science assem- 
bly demonstrations. 

11. The criteria selected by the science 


activities 


educators and physical science club leaders 
may be applied to the evaluation of extra- 
curricular activities in biological science for 
senior high schools. 

12. The selected criteria may also be ap- 
plied to the evaluation of extra-curricular 
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activities in general science for the junior 


high school grades. 


In the original document, each of the 
185 activities is to be found on a single and 
separate page. The activities each 
identified with a principle. The principles 
are arranged in alphabetical order. The 
source of each principle is indicated accord- 
ing to the following code: 

Downing—D ; Edwards—E; Pruitt—P; 
Sites—S ; Kimball—. 


are 


Sample Page 


The completion of this activity may contribute 
some partial meaning or provide experimental 
data trom which an understanding might be 
derived concerning the following principle: In 
moving air the wind pressure is proportional to 
the square of the velocity E. 

Extra-curricular Activity: The Turbulence of 
the Air Around Moving Bodies of Different 
Shapes. 

Vaterials: Electric fan, flask or milk bottle, 
delivery tube, hot water, one hole rubber stopper, 
streamlined model train or car, and a model of 
a standard train or auto. 




















Ga! . SSS 
Sees js 
= o is 
STREAMLINE ~— 
FORM BALL ¢ 
BLOCK 
A wor 
pew WATER 
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SS 

Procedure: Place end of delivery tube just 


below center of fan's airstream, pointing it at the 
object under test. Place dry ice and hot water 
in bottle and fasten stopper in place. A fog will 
flow rapidly out of the delivery tube. The air- 
stream will blow the mist over the objects under 
investigation. 

Compare the movement of mist laden air around 
the different forms tested. Around which forms 
does turbulence or burbling develop ? 








SCIENCE AND RELIGION IN EDUCATION 


HARRINGTON WELLS 
Santa Barbara State College, Santa Barbara, California 


[In recent years the smoldering theo- 
logical controversy between fundamental- 
ists and modernists has frequently flamed 
to serious discussion among high school 
and college students. Existent divergence 
of opinion leaves maturing minds troubled 
and confused. Such an attitude sometimes 
leads to a more or less flagrant disregard 
of early religious training. Often bewilder- 
ment runs to distrust. Groping youth may 
seize upon misconceptions and misinter- 
pretations of scientific theories and prin- 


1 Pseudo-science is no more to be 


ciples. 
desired than atheism, for ““As the twig is 
As one of 


Percy Marks’ fearlessly frank characters 


bent, so is the tree inclined.” 


analyzed the situation in a sensational “best 
seller” of 1924: 


“Good stuff, the ‘Rubaiyat,’” 
lazily. He was lying on his back staring at the 
ceiling. “I bet I’ve read it a hundred times. 
When they turn down an empty glass for me, 
it’s going to be empty. I don’t know what I’m 
here for or where I’m going or why. ‘Into this 
world and why not knowing,’ and so on. My 
folks sent me to Sunday-school and brought me 
up to be a good little boy. I believed just about 
everything they told me until I came to college. 
Now [ know they told me a lot of damned lies. 
And I've talked with a lot of fellows who've had 
the same experience.” ? 


said Ferguson 


Instructors usually do not discuss reli- 
Neither do 
Biologists do not 
that man descended 
directly from the ape, for instance, in 
presenting the doctrine of evolution. It is 
not that the idea is repulsive, but rather 
Controversial 
issues are not avoided by scientists. On 
the contrary, they are universally eager to 
champion truth in any form. It is a char- 


gion in science laboratories. 
they teach irreligion. 
teach 


students has 


that it probably is not true. 


1 Proverbs 22:6. 
2 Percy Marks. The Plastic Age, Grosset and 
Dunlap, New York: 1924, p. 160. 
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acteristic of experienced teachers, as it is 
the mark of mature men and women in all 
walks of life, that they are seldom dogmatic 
about any subject. Each has been proven 
wrong so many times that he or she has 
become about making 


extremely wary 


statements of fact. Listen to any reputable 
educator discuss a field in which he has 
Invariably 
his remarks are qualified by “In my opin- 


ion,” “probably,” “more or less,” and other 


become relatively well-versed. 


safeguards. To the surprise of many an 
audience, a renowned authority occasion- 
ally replies to a question of fact with a 
simple “I do not know!” 

Frank truthfulness is the basic spirit of 
scientific endeavor.* Hearsay or unsub- 
stantiated proof is not acceptable as evi- 
dence. Theories presented as 
guesses, rather than as principles. The 
apparent logic of any hypothesis does not 
alter its biological status. It is a theory 
until shown to be a fact. The cell doctrine 
is an example. In less than a hundred 
years after its announcement as a hy- 
pothesis it has been universally accepted 


must be 


as basic truth. 

The omnipotence of God is not accepted 
by all church denominations, not by all 
ministers of the gospel. Some acknowledge 
allegiance only to a God of “reason”, hold- 
ing that the evils of sorrow and suffering 
are apart from God. Likewise the “holy 
trinity” of “Father, Son, and Holy Ghost” 
are denied by some students of theology. 
The virgin birth of Christ is flatly de- 
nounced as purely legendary in some 
branches of the Christian religion. At this 
writing, there are two hundred and twelve 
recognized religious denominations in the 
United States, each with its following, 
large or small! The question as to which 


8 John 8:32. 
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of these interpretations is correct is not 
within the province of any teacher to 
decide. Nor should any attempt be made 
during discussions with young people to 
determine the comparative worth of any 
of the various sects, cults, and creeds, or 
to evaluate religious teachings in any way. 
But as freedom in religious thought is a 
cornerstone of the commonwealth, freedom 
of speech is likewise. Through considera- 
tion of a factual approach to truth, a closer 


interweaving of scientific and religious 
thought may be brought about. This is 
an eminently desirable objective. 

Scientific concepts regarding creation 


and what has happened since may be 
entirely false, or only partially true. Ac- 
cepted theories represent the conclusions 
of trained observers in astronomy, geology, 
paleontology, botany, zoology, and anthro- 
pology. Through a survey of the doctrines 
of both science and religion, perhaps a 
foundation for intelligent comprehension 
will be provided. Biology is in no degree 
atheistic. No one can study natural science 
for any length of time without becoming 
conscious of Divine Power in nature. 
Innumerable illustrations of planned per- 
fection are on hand. Certainly 
complacent egotism and hypocrisy are 
lessened through an understanding of the 
marvelous complexity of living bodies, and 
the interrelationships of plants and animals. 

This attitude of reverence for beauty, 
and the 


every 


attainment of near-perfection 
through God’s will is also a cornerstone 
of religion: 

“Consider the lilies of the field, how they grow; 
they toil not, neither do they spin: And yet I say 
unto you, That even Solomon in all his glory was 
not arrayed as one of these.” 4 


Orthodox religion rests on faith,® and an 
appeal to reason. 
sively upon fact. 


Science is based exclu- 
An osmotic conception 
of these three factors would unite all creeds 
and denominations in a realization of essen- 


* Matthew 6:28-29. 
5 Luke 11:9-10. 
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tial truth. Such a concept would recognize 
neither Catholic, Jew, Methodist, 
Presbyterian nor 


Epts- 
copalian, Baptist, as 
such. The brotherhood of man would not 
be limited to Mohammedans, Buddhists, or 
Christians. Such a concept would encom- 
pass all those who believe in a supreme 
power, whether referred to as the “Great 
Spirit,” “Allah,” “Jehovah,” or “God.’ 

In the first chapter of Genesis we are 
told of the special creation of heaven and 
earth, together with all living things, in 
six days.‘ Many scientists do not doubt 
that God could create the universe in six 
days, or in six split seconds, if He so 
desired. The question in the minds of 
modernists is whether or not it was created 
in this time. The second epistle of Peter 
is often quoted in this connection. In the 
third chapter, eighth verse, we are re- 
minded that “One day with the Lord ts as 
a thousand years, and a thousand years as 
one day.” A thousand years, or a hundred 
thousand years, is infinitesmal in evolu- 
tionary time. 

Variations from the accepted order are 
Blind 


submission, however, is contrary to the 


challenging. Conformity is safe. 


spirit of science. Scholars reveal, exam- 
ine, and accept or reject evidence on merit, 
drawing conclusions upon the bases of 
observation and supporting evidence in 
their search for factual truth. The history 
of scientific endeavor offers many illustra- 
tions of the development of such a spirit 
Galen, for example, a Greek physician t 
Aurelius, 
wrote ponderous dissertations on human 


the Roman Emperor Marcus 
anatomy without making exploratory dis- 
sections. Although crammed with miscon- 
ceptions and fallacies, Galen’s work was 
the recognized anatomical authority for 
thirteen centuries! From the fall of Rome 
in 476 A.D. until the year 1543 A.D., 
anatomy was taught by reading aloud from 
the works of Galen. In that year 

scientist, overthrew 


Belgian Versalius, 


6 Romans 10:12; Acts 10:34 
7 Psalms 33 :6-9 
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superstition and dogma by direct observa- 
tion, at the risk of his life. 

In order to understand the significance 
of this act, we must realize that during the 
middle ages there was no such thing as a 
“general education for all” as we know it 
in America today. The Emperor Charle- 
magne made a feeble attempt to establish 
public schools in the year 780 A.D., but 
the movement soon died out. It was the 
custom of the time to keep the rabble sub- 
missive, intellectually as well as physically. 
Spiritual writings, in the opinion of those 
in power, made scientific investigations 
superfluous. The primary objective of 
learning was to save souls, not to increase 
knowledge. Blind obeisance to domination 
was the universal rule. If through some 
accident a young student of anatomy 
chanced to make an observation contrary 
to the teachings of Galen, he believed him- 
self bewitched. Fleeing to his religious 
counselor to confess his sins and be ab- 
solved, he was usually permitted to do 
penance, after pledging never to permit 
such a digression in the future. The tor- 
tures of the wheel and rack, tearing 
asunder by driven horses, burning at the 
stake, and a hundred other horrible purify- 
ing ceremonies were available for use upon 
unconformists of that terrible period. Such 
an attitude was not confined to those por- 
tions of the Old World devoted to Chris- 
tianity. The attitude of Mohammedans 
toward the Koran echoed that of Christians 
toward the Bible: a spirit of self-sufficiency 
and intolerance of independent research. 

The student of today, studying in great 
libraries and laboratories equipped with 
compound microscopes, microtomes, mod- 
els, charts, and every conceivable device 
for the furthering of knowledge, can 
scarcely realize the strain under which 
early investigators worked. To touch a 
human body after death in a spirit of 
curiosity was heresy and sacrilege. To 
creep down damp stairs into a dismal cel- 
lar, illuminated only by feeble flares, there 
to cautiously dissect a human cadaver in 


[Vor. 26, No. 2 


the face of centuries of superstition and 
dread, required courage. To-publish such 
discoveries as were made was to invite 
persecution, torture, and death. Yet in 
the year 1543 appeared a work entitled 
“De Humani Corporis Fabrica” (The 
Structure of the Human Body), by this 
Belgian anatomist, Vesalius. His publica- 
tion, contradictory to the word of Galen, 
yet indisputably proved, marked the over- 
throw of dogmatic authority, and paved 
the way for the scientific renaissance. In 
rapid succession, one discovery after an- 
other was made public as the world entered 
upon what has become the “Age of Sci- 
ence.” Consider what marvels have bhe- 
come commonplace within the past hundred 
and fifty years. In the realm of physical 
science, the sewing machine, steam engine, 
telegraph, friction match, telephone, phono- 
graph, electric light, gasoline engine, air- 
plane, radio, moving and talking picture, 
X-ray, television, air conditioning, and a 
host of other aids to a better existence 
have been made available. 

In biology and medicine, antisepsis, 
anaesthesia, and community hygiene are 
important modern contributions. A fund 
of knowledge concerning cells and tissues, 
toxins, antitoxins, hormones, enzymes, and 
vitamines has developed. The principles of 
genetics have led to practical plant and 
animal breeding. We have at least a par- 
tial understanding of the functioning of 
endocrine glands. There has been marked 
decrease in infant mortality and a similar 
increase in life expectancy through control 
of cholera infantum, whooping cough, 
smallpox, diphtheria, bubonic plague, ma- 
laria, yellow fever, diabetes, pernicious 
anaemia, and tuberculosis. Freckles may 
now be prevented in little children. Bald- 
ness and graying hair are no longer neces- 
sary since the discovery of para-aminoben- 
zois acid and inosital, members of the 
vitamin B complex. In spite of inherent 
animal stupidity, jealousy, and greed as 
evidenced by the present chaotic state of 
world politics, scientific research remains 
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the bulwark of altruism. There are two 
hopes for the future of mankind: religion 
and science. The strengthening faith of 
the former allied to the technical skills of 
the latter must and will prevail in the 
eternal struggle for survival. 

All of the sciences play their part. 
Consider the subject matter of astronomy, 
for example. A more powerful sermon 
was never preached. Fantastic as it now 
seems, the day will surely come when we 
will know more of planetary life. The 
glory of God is truly in the heavens. Is 
it reasonable to assume that our planet is 
the only one populated by living things 
just because we live on it? The nine 
known planets rotating about our sun are 
but infinitesmal fractions of the known 
heavenly bodies. We speak of the sun. 
There are billions of suns! All stars are 
suns, and many of them dwarf ours in 
size and brilliance. Our sun is 864,000 
miles in diameter. Until recentiy the three 
stars Betelgeuse, Antares, and Mira (each 
about three hundred million miles in 
diameter) were considered the largest 
astronomical bodies. Yerkes observatory 
measured Epsilon Aurigae in 1937, an- 
nouncing the diameter to be two thousand 
million miles! This means that if the 
center of this great source of energy were 
in the position now occupied by our par- 
ticular sun, its outer edge would encompass 
all of the planets Mercury, Venus, Earth, 
Mars, Jupiter, and Saturn! 

Light travels at a speed of one hundred 
and eighty six thousand miles per second. 
Traveling at this speed, light covers nearly 
six trillion miles in twelve months. This 
is known as a “light year,” the unit com- 
monly used as a yardstick in measuring 
relative distances of the heavenly bodies. 
The most remote outer galaxies are now 
estimated to be situated at a distance of one 
hundred and forty million light years from 
our tiny earth. A pencil and a sizable 
sheet of paper will provide material for an 
illuminating little problem in multiplication. 

In everyday life, we deal with the three 
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dimensions: height, width, and depth. The 
much discussed “fourth dimension” is time. 
Looking through the great Palomar tele- 
scope, men will see not what is happening 
today, but what occurred a billion years 
ago! Future theories will be based upon 
what has happened in the past. Studies 
of hundreds of other suns will pave the 
way for an understanding of the probable 
evolution of our own sun, for example. 
Science wonders. Science investigates.® 
Science searches for truth.® 

Geology and paleontology have uncov- 
ered, through the “record of the rocks,” 
the history of our world since it was 
created some two billion years ago. The 
coming and passing of the age of fishes, 
the age of amphibians, the age of reptiles, 
the rise of the various mountain ranges, 
and the four recent ice ages are open pages 
to trained observers. Zoology classifies 
man as a mammalian vertebrate, inferior 
in many respects to other animals. We 
can run, swim, climb trees, and even fly, 
but always there are other animals which 
surpass our puny physical efforts. The 
dominance of man over beasts of the field 
has been attained through mental develop- 
ment; the power to wonder, to learn, and 
to reason. 

Living things show striking points of 
similarity. All plants and animals must 
obtain food. With the exception of a few 
types of organisms known to scientists as 
“anaerobes,” all living things need air. 
Water is an essential part of both plant 
and animal protoplasm. All living things 
respond to stimuli, get rid of waste mate- 
rial, move, grow, and die. Living things 
either reproduce their kind or the species 
vanishes from the earth. In a sense, life 
itself is proof of immortality. Living 
things do not really die. Through the 
protoplasmic bridge of reproduction, there 
is in each of us, and in every other organ- 
ism, an infinite bit of the original spark 
of life. If this were not so; if the chain 


8 Thessalonians 4:11-12. 
® Proverbs 8. 
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had ever been broken, we would not be 
here! 

Many scientists believe in the inexorable 
laws of Nature as the demonstrable Power 
of God.!® Plants and animals (including 
the human) exist only through constant 
strife against natural enemies, the “balance 
checks” of Nature. If environmental con- 
ditions change, or if the organism ventures 
“out of bounds,” it must adapt its behavior 
to meet new conditions or make way for 
those which will. Similarly the ten com- 
Christianity and _ the 
“Golden Rule” of Luke 6:31, govern 
human behavior in the game of life. These 
are applicable to the conduct of men and 
women in the same sense that basic bio- 
logical laws govern plant and animal inter- 
relationships. Adaptation to environment 
and natural selection through survival of 
the fittest are applicable morally, as they 
are physically, to all forms of life. As 
we lie, cheat, steal, commit adultery, kill 
or deny God, we are as floral or faunal 
elements which have somehow been trans- 
ported beyond their normal ecological 


mandments of 


10 Psalms 29. 


barriers; we court disaster. “The wages 
of sin is death.” The penalty for bio- 
logical transgression is‘ extermination. 

Science is not at cross purposes with 
religion. Science simply recognizes phys- 
ical fact and demonstrable threat to sur- 
vival. Science accepts the challenge, 
serving as the ally of religious confidence 
in the struggle for progress and learning. 
Knowledge is a part of man’s balance of 
power. Wars may take their toll, dictators 
may persecute and imprison, agitators may 
tear apart the results of generations of 
effort, and nature itself may wreak havoc 
through pestilence, fire, earthquake, flood 
or hurricane. Yet man will learn to con- 
trol these forces, as he has conquered 
seemingly unsurmountable obstacles in the 
past. Faith, tolerance, and an open mind, 
patient analysis and reasoning, tenacity of 
purpose in research, and a trust and belief 
in divine revelation are as the twenty- 
third psalm of science. Dedicated to the 
search for truth, the alleviation of suffer- 
ing, and continued betterment of living 
things, science is truly bonded with reli- 
gious faith. 


NATURE STUDY, SCHOOL GARDENS AND NATURE ROOMS 
FOR CITY CHILDREN—A VALUABLE WAR MEASURE * 


Marvin M. Brooks 


Counselor in Nature Garden Education, New York Cit 


For two generations or more nature 
study has been used in various school sys- 
tems of our country as an approach to: 


1. Elementary agriculture 

2. Conservation 

3. Appreciation of beauty and harmony in nature 
4. Recognition of certain forms of life 

5. Products necessary for human consumption 
6. Inspection of some phase of nature 

7. Observation of nature in action 

8. Experiments in nature study 

9. Familiarity with the environment 

10. Humane treatment 

11. Organization of material for critical thinking 


_— 
] 


2. Reverence for the Creator and respect and 
admiration for His Creation—ability to read 
God’s Open Book to Man 

13. An important part of elementary science 

14. The development of outdoor habits of life 

15. Practice in the care of dooryard gardens 

16. “Units” of measure in nature for purposes of 
judgment 

17. Nature-science units 

18. Country living for city children 


Through the efforts of a wonderful staff 
of leaders at Cornell University and our 


* Address presented to American Nature Study 
Society, Dallas, Texas, December 30, 1941. 
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New York State Department of Educa- 
tion, nature study was for many years con- 
sidered and did serve as a stepping stone 
to elementary agriculture in grades seven 
and eight. At the present time, this phase 
of nature instruction has been somewhat 
replaced by an elementary science program 
designed to develop critical thinking in the 
minds of our younger children. 

As conservation has become of greater 
importance from year to year, many school 
and state education systems developed a 
program of nature study designed to em- 
phasize the importance of conservation. 

The New York City nature study sylla- 
bus used for many years, places much 
stress on nature study as an approach to 
appreciation of beauty and harmony in 
nature, to recognition of certain forms of 
life and to products necessary for human 
consumption. This syllabus has been in 
active use under the leadership of a direc- 
tor since 1927. The great number of teach- 
ers in the elementary schools of that city 
think so highly of its content and sug- 
gested methods that it has been found most 
difficult to replace it with one in elementary 
science. 

The present tendency in New York City 
is to consider nature study from the view- 
points of inspection, observation and ex- 
periment. Much emphasis has been placed 
on field trips especially since the introduc- 
tion of the W.P.A. educational program. 
The, experimental activity program just 
completed in the elementary grades at- 
tracted nationwide attention for several 
years and considered nature study of great 
importance in field trips. The inspection 
of animal life, trees. plants, soils and rocks 
found along nature trails was stressed for 
purposes of recognition. 

A new approach to nature study as a 
modified method of using the New York 
syllabus is observation of nature in action. 
Such observation is treated as a series of 
Measure- 
ment and notes are taken from time to 
time to show development, habits, kinds of 


inspections for a specific reason 
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This 


method of studying nature not only intro- 


food and other phases of living. 


duces an intimate knowledge of life in the 
neighborhood of the school but also furn- 
ishes an excellent opportunity to continue 
the study of a type plant in a nearby park 
and then in the country. This introduces 
one of the major purposes of this papet 

Experiments are conducted in the nature 
trails, school gardens and the nature rooms 
of our largest city. An experiment is 
treated as a comparison of some nature ac- 
tivity with a nearby control, such as grow- 
ing lettuce with and without fertilizers. 
Here observations and records may lead 
to country living if desirable for our chil- 
dren in case war compels this physical and 
If the child be- 
results obtained 


psychological adjustment. 
comes interested in the 
from using fertilizer in the school garden, 
he should be urged to discover like activi- 
ties in his assigned country home. 
Familiarity with his local school environ- 
ment interest in 


naturally leads to an 


nature. Appropriately developed, this 
should lead forward to a desire to discover 
similar types of plant and animal life in his 
country environment. 

Organizing nature material for problem 
work as a step in the popular program to 
teach critical thinking has caused the re- 
arrangement of nature syliabi in many 
parts of the country, subordinating nature 
units to the development of problems as a 
The 


reports 


part of a greater problem or unit. 


apparent result from the many 
reaching the office of the speaker seem to 
indicate a loss of interest in nature itself. 
Is there not some way to tie this approach 
to nature education in with country living 
for city children and improve both nature 
study and its use in critical thinking ? 
Reverence for the Creator and respect 
and admiration for His Creation—ability 
to read God’s Open Book to Man is one of 
the objectives that should be brought out in 
growing plants in the nature room, caring 
for school gardens or on field trips through 


city parks. Balance of nature such as the 
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relation of bees to flowers, the adaptation 
of plants to certain growing conditions and 
the correspondence of habit and structure 
should be taught as nature work in city 
schools. These concepts provide an en- 
riched background for childhood to live in 
the country. 

While nature lessons appear to be an 
important part of an elementary science 
course interspersed with nature lessons, 
physical science and natural phenomena, 
this use of nature material seems to be 
rather fragmentary. Man's first important 
contacts with science in any form were 
found in his efforts to obtain food from 
plants and animals. In these attempts, he 
developed not only a fund of practical 
knowledge but better ways of capturing 
animals and growing food plants. As a 
result of necessity, tools and weather in- 
struments were the ultimate outcome. 
Much physical science grew out of nature 
study. The use of the thermometer is a 
part of soil and weather study and these 
were carefully examined for better plant 
and animal development. Nature study 
then leads to related physical science. The 
development of large nature science activity 
units would be a new and interesting ap- 
proach to the field of nature garden science 
education. The value of such units would 
probably be the very best way to prepare 
for rural living. Such units would furnish 
a highly enriched background for city chil- 
dren. This type of background would 
create an interest in country living. 

The development of outdoor habits of 
life and the development of practice in the 
care of school gardens and dooryard gar- 
dens furnish not only their own required 
knowledge but also much valuable infor- 
mation concerning tools, the thermometer 
and other weather instruments such as the 
“windmill” and the barometer and the use 
of weather reports. Naturally this is coun- 
try living on a small scale in the city. 

Another phase of nature teaching in city 
schools valuable as an introduction to 
country living, is an intimate knowledge of 


[Vo.. 26, No. 2 


the use of units of measure in nature for 
purposes of judgment. By growing a 
single tomato plant a boy or girl has 
acquired an intimate knowledge of the life 
cycle of one plant. This includes planting 
seed in the nature room, re-potting the 
seedlings there, transplanting this plant to 
the garden and cultivating it throughout 
the summer to the repeated gathering of 
fruit. Also, he has learned the relationship 
of bees to the plant for pollination as well 
as the control of certain insect enemies and 
possibly one or more plant diseases. This 
experience for one year becomes a unit of 
measure for growing other plants in the 
school garden and in the kitchen garden 
adjacent to the country home. All boys 
and girls should have experience with a 
few important units of nature measure by 
which to measure similar life in country 
areas. This is not true of a pet animal as 
a unit of nature measure for judging be- 
cause we cannot judge without experience 
or form desirable habits. 

English people discovered that a knowl- 
edge of nature was probably one of the 
best tonics for the psychological and physi- 
cal adjustment of their boys and girls 
whether going to the country or remaining 
in town and one of the best ways for up- 
holding and improving morale. The school 
aquarium is an introduction to country 
brook life. The corner vegetable market 
leads directly to the general farm as another 
type of business. The vegetable market 
and the farm thus form two phases of a 
complete business cycle. The near-by 
flower shop introduces the hot bed and the 
green house and these may be found on 
most of our best farms. The grass areas in 
local backyards and lawns around school 
houses and in the parks bear a close rela- 
tionship to hay fields on a farm. The 
various meats found in the local market 
introduce farm life; this is also true of the 
milk sold in the neighborhood and the horse 
attached to the wagon of the local ice man. 

During this emergency, there should be 
added to our units of nature study this 
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additional unit—Nature Study that leads 
to Country Living. The slogan involved is 
“Nature Study Prepares for Country Liv- 
ing” and the connection between urban and 
rural living should be stressed and plainly 
indicated at the proper points by adequate 
discussion. The harm resulting from city 
vandalism during rural trips should also 
be stressed as harm done and forest fires 
often resulting. 


EMERGENCY NATURE SUGGESTIONS 


Secretary of Agriculture Wickard, ac- 
cording to editors of garden magazines and 
pages, will soon launch a well-organized 
program of garden and horticultural inter- 
ests to be developed as required. The 
agricultural destruction of “horticultural 
progress,” instructional units and “beauti- 
ful lawns” does not “justify the investment 
in seed, labor and fertilizer.” The pre- 
liminary meeting, according to news items 
has already been called. 

Based on the contents of the above para- 
graph, I offer the following * 
as to what the children in our schools may 
do to contribute to the National Defense 
effort and to assist in the maintenance of 
the civilian morale.” 


‘suggestions 


1. Develop greater outdoor interests. 

2. Learn to live with nature so as to develop 
certain nature life cycles as measuring sticks 
with which to compare other experiences. 

3. Develop all possible experiences (including 
the above) as preparation and training to 
participate in the coming government pro- 
gram. 

4. Learn how to build soils for home informa- 
tion. 

5. Learn how to set up aquaria and plant life 
as home decoration. 

6. Learn how plant life will camouflage protec- 
tive shelters. 

7. For such purposes take a census and cata- 
logue a list of all developed backyards near 
each pupil’s home. An investigation shows 
that such backyards can be found in most 
blocks in all boroughs. 

8. All possible “psychological adjustment 
bridges” between the local community dnd 


10. 
11. 


12 


13. 
14. 


19, 


20. 
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28. 


29 


30. 


. Obtain almanacs and study: sunrise, sunset, 


. School 
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the country should be developed for purposes 
of evacuation. All local growing nature 
should be observed and compared with the 
country. 


. Study the local thermometers with weather 


and their country uses. 

Study the aquarium in the nature room as an 
introduction to country pond and brook life, 
Experience how fertilizer improves soil. 


2. Experience how fertilizer improves plant 


growth. 

Apply these experiences at home. 

Grow tomato and other seedlings in the nature 
room for use in the home garden. 

lawns and parks compared with 
country home lawns. 


. School gardens compared with country home 


gardens. 


. The horticultural effect of using certain 


flowers and vegetables in growth. 


. Growing flowers and sample vegetables as 


gifts to decorate homes to cheer up parents, 
friends and neighbors. This frequently stops 
vandalism. 

Study safety in the use of garden tools. 
Compare them with farm tools. Learn how 
to put tools in best possible shape. 

Use the various Scout handbooks for school 
and home nature projects—call on Scouts to 
assist teachers. Use other nature books. 


. Have a “nature squad” for each school block 


under the leadership of older children. 


. Train pupils to talk to other children about 


nature here and in the country and report 
these interviews in a class meeting once a 
week 


. Hold small exhibits frequently as a basis for 


bringing out parents and to open assemblies 
Presenting pictures to the school of nature 
activities in the home (also the nature office) 
will create interest. There are usually pupils 
and adults in most schools who are glad to 
take pictures 


5. Balance of Nature should be touched in a 


simple way as something war should not 
upset—‘the Dust Bowl.” The above has been 
made a part of a Course of Nature Lectures 
for Civilian Defense. 

Encourage garden work, vegetable study and 
sunshine for acquiring vitamins 

Learn how to water plants effectively and 
save water. 

Learn how to save ground water and surface 
water in the garden. 

Learn how to stop erosion. 

Learn loyalty and patriotism through nature 


moonrise, moonset, moon phases, evening 
stars, star locations, eclipses, and time of 
tides 
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Harpinc, T. Swann. “Does Smoking Injure 
Health?” Science Digest 10:58-68; July, 1941. 
This article is condensed irom the American 

Journal of Pharmacy. Although smoking to 

excess is harmful, the author states that “in a 


broad way it cannot be said, however, that 
smoking within moderation has any marked 
deleterious effects on people in sound health. 


Undoubtedly the pleasure so derived over-bal- 
ances the harm.” 

—C.M.P. 
Anoymous. “How Safe Is the Home?” Sci- 

ence Digest 10:57-61; August, 1941. 

This article is condensed from the Architec- 
tural Record. Home is far from being a safe 
place—32,000 people died from accidents in the 
home in 1939—three million were injured and 
375,000 suffered from permanent disability. And 
the bathroom is not nearly so dangerous as out- 
side stairs and porches. 


—C.M.P. 


Heiser, Victor G. “When You Can't Sleep.” 

Science Digest 10:20-25; August, 1941. 

This is condensed from the book, Toughen 
Up, America. The article discusses the nature 
of sleep, people’s sleeping habits, causes, effects 
and possible aids in the elimination of sleep- 
lessness. 


—C.M.P. 
Bok, Bart J., AND MayALt, MARGARET W. 
“Scientists Look at Astrology.” The Scien- 


tific Monthly 52:233-244; March, 1941. 

Public interest in astrology has grown rapidly 
during the past decade, due in no small measure 
to the general misapprehension that exists in the 
minds of many about the standing of astrology 
as a “science.” Astrology made its appearance 
about 600 B.C. long after astronomy had 
reached a high level of development. Although 
opposed by the church, scientists, and mathema- 
ticians, astrology long held like a millstone about 
the neck to prevent the growth of science. Proba- 
bly today belief in astrology is as largely held 
as it has ever been. Many reputable newspapers 
in cities like New York, Washington and Phila- 


delphia publish horoscopes read by _ millions. 
Nor is belief in astrology held by the more 
ignorant and the poorer classes. Wall Street 
and Hollywood are hotbeds for astrology. Sci- 
entists are opposed to astrology and not one 


shred of evidence has been uncovered to support 
the tenets on which astrology rests. 


—C.M.P. 
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ALVAREZ, W. C. “Are You Sensitive to Foods?” 

Science Digest 10:6-10; September, 1941. 
from the book, When You 
Many people are sensitive 
to foods—almost kind of food that might 
be mentioned. Much progress has been made in 
determining specific allergies to which an indi- 
vidual is subject. Onions, milk, apples, cab- 
bage, chocolate, radishes, tomatoes, cucumbers, 
eggs, greasy and rich foods, cantaloupe, straw- 
berries, and coffee rank high as being allergic 
for some individuals. 


This is condensed 
Have Food Allergy 


any 


—C.M.P. 


NEwMAN, H. H. “Aspects of Twin 
The Scientific Monthly 52:99-112; 
1941, 

Twins have been objects of intense interest 
since time immemorial, but Sir Francis Galton 
was the first to recognize the existence of two 
kinds of twins—identical and fraternal. Modern 
twin research may be divided into two main 
categories: (1) studies of the various aspects 
of twins and multiple births that contribute to 
our knowledge of the nature, causes, and fre- 
quencies of twins, etc., and (2) studies in which 
twins are used as materials for the investigation 
of problems in a multiplicity of other fields. In 
the United States about one birth in every 88 
is twins of which one-fourth are one-egg (iden- 
tical twins). About one birth in 8,000 consists 


Research.” 
February, 


of triplets. —C.M.P. 
Burks, Barsara S. “Heredity and Mental 
Traits.” The Scientific Monthly 52:462-468; 


May, 1941. 

Twins seem to afford one of the best means 
to study heredity and the relative parts played 
by heredity and environment. Studies of iden- 
tical twins reared apart seem to be the most 
effective of any methods that have or could be 
undertaken for wnravelling the nature-nurture 
problem. Many such studies of foster children 
have been made. A recent study by Wright in- 
dicated that about one-fourth to one-third could 
be attributed to environment and two-thirds to 


three-fourths to heredity. Environment may af- 


fect intelligence 5 to 10 points under certain 
conditions and even 20 or more points under 
extreme conditions. C.M.P. 


Anonymous. “New Weather Map Symbols Re- 
call Indian Picture Writing.” 
Letter 40:117: August 23, 1941. 
Weather maps ate going to have a radically 

different appearance before long. 


Science News 


New symbols 
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that look like Indian picture writing have been 
developed. The new maps will be printed and 
first used in Washington, D. C. Later, they will 
replace the old-type maps in other cities. 
-C.M.P. 


VISHER, STEPHEN S. “Rainfall Conditions as a 
Southern Handicap.” The Journal of Geogra- 
phy 40 :302-306; November, 1941. 

Undesirable seasonal distribution of rainfall is 
a real handicap to southern agriculture. Dry 
spells, winter rainfall, sharp and heavy thunder- 
storms all make for undesirable rainfall distribu- 
tion. Most sections have at some time or other 
received more than eight inches of rain in 24 
hours, resulting in floods, soil erosion, and sand 
coverage. Four highest rainfall records are: 
23.2 inches at New Smyrna, Florida (October 
10, 1924); 23.1 inches at Taylor, Texas; 22.2 
inches at Altapass, North Carolina, and 21.4 
inches at Alexandria, Louisiana. 

—C.M.P. 


Grupcer, E. W. “Canine Fisherman.” Natural 
History 47 :140-146; March, 1941. 
This illustrated article relates many interest- 
ing accounts of dogs that went a-fishing. 
—C.M.P. 


Duncan, Davin D. “Fighting Giants of the 
Humboldt.” The National Geographic Maga- 
sine 79:373-400; March, 1941. 


This is a description of an American Museum 
of Natural History Expedition whose purpose 
was to collect specimens from the Humboldt 
Current off the coast of South America. This 
expedition obtained some of the most fighting 
and gruesome animals known—the giant squid 
and the broadbill swordfish. 

—C.M.P. 


Cuute, Water H. “Net Results from Oce- 
ania.” The National Geographic Magazine 
79 :347-342; March, 1941. 

This article describes the collecting of 
aquarium specimens in tropical Pacific waters. 
There are 32 illustrations, 24 of which are beau- 
tiful natural color photographs. The specimens 
illustrated may now be seen in the Shedd 
Aquarium in Chicago. 

—C.M.P. 

Symposium. “Radio.” Building America 6:130- 
160; No. 5. 

This interestingly written and illustrated unit 
on radio has the following major topics: (1) 
“Seems Radio’s Here to Stay,” (2) “Radio Be- 
gan as Dots and Dashes,” (3) “The Music Box 
3egins to Broadcast,” (4) “Radio is Big Busi- 
ness Today,” (5) “Radio Uses a Great Variety 
of Human Talents,” (6) “Radio Broadcasts the 
News,” (7) “America Finds Entertainment in 
Radio,” (8) “Radio Provides Programs to Meet 
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Various Needs,’ (9) “Radio Science Continues 
to Advance,” and (10) “What Does the Public 
Want?” 

—C.M.P. 
Symposium. “Our Northern Neighbors.” Build- 

ing America 6:162-191; No. 6. 

Our Northern Neighbors presents many im- 
portant facts Americans need to know about 
Canada and Newfoundland. Much illuminating 
information, fully illustrated, is provided. 


—C.M.P. 


CLark, Austin H. “Science Progress Through 
Publicity.” The Scientific Monthly 52:257 
200; March, 1941. 

Science writers are aiding in bringing into 
general use in very short time valuable curative 
agents and making possible other applications of 
science discovered in the laboratory. Science 
writers serve as interpreters of science to the 
people and have made enormous progress. 


—C.M.P. 


PeattTizE, DonALp CuLross. “Mojave in Flower.” 
Byers, CHARLES ALMA. “The Friendly 
Desert.” Natural History 47:122-125; 126 
134; March, 1941. 

These two articles describe and illustrate with 
excellent photographs the entrancing beauty of 
the desert flowers. 

—C.M.P. 


Miter, Lois Mattox. “Chlorophyll for Heal- 
ing.” Science News Letter 39:170-171; March 
15, 1941. 

Green pigment from plants is now being used 
experimentally for treating a wide variety of 
diseases and infections. Among these may be 
mentioned: peritonitis, brain ulcers, ulcerated 
varicose veins, skin disorders, head colds, chronic 
sinus infections, and advanced pyorrhea. Chloro- 
phyll seems to strengthen the cells, inhibit bac- 
terial growth, and give the body tissues an 
opportunity to apply their own defenses. 

—C.M.P. 


“Angkor—The Lost King- 
dom of the Khmers.” Natural History 
47 :210-226; April, 1941. 

This fascinating article relates briefly the 
little known history of Angkor, that famous lost 
city in Cambodia, founded by the Khmers and 
reaching its highest stage of development in 
the thirteenth century. Numerous, excellent 
photographs supplement the textual material 


C.M.P. 


BaILeEYy, TRUMAN. 


Anonymous. “Rattlesnakes Detect Kingsnakes 
by Their Odor.” Science News Letter 39:232; 
April 12, 194) 

Experiments by Bogert of the American 

Museum of Natural History seem to prove that 
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rattlesnakes detect the presence of their enemy, 
the kingsnake, by odor. 
—C.M.P. 


Davis, Emity C. “Color-Blindness Test.” Sci- 
ence News Letter 39:390-301; 398; June 21, 
1941. 

A new color-blind test in which color chips 
are matched is described in this interesting 
article on color-blindness. The test is short and 
easy to take. 

—C.M.P. 


Lone, CuHartes I. “The Wonders of Bird 
Flight.” Science Digest 9:59-62; June, 1941. 
This article is condensed from The American 

Scholar. A man’s eye is an organ to marvel at, 

but it is a poor makeshift in comparison with 

that of a bird. Not only is a bird’s eye capable 
of incredibly quick change of focus. It is also 
highly efficient in other ways. Also birds are 
so constructed anatomically for life in the air— 
muscles, bone structure, lungs, and appendages. 
—C.M.P. 


Ditmars, Raymonp L. “Snake Poisons Find 
New Uses.” Science Digest 9:67-71; June, 
1941. 

This article is condensed from the Bulletin of 
the New York Zoological Society. The author, 
the world’s best known authority on reptiles, 
first collected snake venom back in 1897. Since 
that time, much has been learned about methods 
of collecting and uses to which the venom 
may be put, and also in the specific properties 
of venom. 

—C.M.P. 


“But the Pigeons Still Get 
Science Digest 10:25-28; July, 


WEstT, WARD. 
Through.” 
1941. 

This article is condensed from The New York 
Times Magazine. Pigeons are being used in war 
today more extensively than in the past. They 
are used extensively by men on the fighting field 
and are also carried by bombers. Pigeons carry 
messages through successfully when all other 
means of communication fail. 

—C.M.P. 


JANSSEN, RAyMmonp E. 
the Past.” 
July, 1941. 
Throughout the Mississippi Valley and Great 

Lakes Region may be seen numerous curiously 

bent trees, a hundred to three hundred years 

old, which earlier served as guide-posts for 
trails through the forest. Thus the Indians 
could travel long distances much more readily. 

Numerous photographs illustrate the article. 

—C.M.P. 


“Living Guide-Posts of 
The Scientific Monthly 53:22-29; 
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Anprews, E. A. “Zoological Gardens.” The 
Scientific Monthly 53:5-21; 116—132; July 
and August, 1941. 

This article, supplemented by several photo- 
graphs, discusses the origin and development of 
zoological gardens and describes the major 
zoological gardens now in existence in the world 

—C.M.P. 


VosBurGH, Frepertick G. “Our Insect Fifth 
Column.” The National Geographic Maga- 
sine 80:225-248; August, 1941. 

Alien enemies take a steady toll of food, trees, 
and treasure by boring from within. There 
are 24 illustrations, 10 of which are paintings by 
Hashime Murayama 

—C.M.P. 


Bartey, Atrrep M. “Cruise of the Kinkajou.” 
The National Geographic Magazine 80 :339- 
366 ; September, 1941. 

This article describes a natural history expedi- 
tion among the desert islands of Mexico. There 
are 25 illustrations, 12 of which are natural color 
photographs. 


—C.M.P. 


Gittette, J. M. “Perspective of Public Health 
in the United States.” The Scientific Monthly 
53 :235-248 ; September, 1941. 

This article gives a fine perspective of the 
status of public health in the United States dur- 
ing the period 1932-34. Several interesting 
charts add much to the impressiveness of the 
article. 


—C.M.P. 


Grecory, WILLIAM K. 
His Descendants.” 
165; October, 1941. 
This excellent, splendidly illustrated article 

traces animal life from the fish down to the 

present. A chart by Dr. Gregory outlines the 
evolutionary road from fish to man. The period 

covered is about 400 million years and shows 81 

of the most important animals. 


“Grandfather Fish and 
Natural History 48:1564 


—C.M.P. 


MuENcH, Joyce Rockwoop, AND JosEF. 
scrapers of the Desert.” 
48 :132-143; October, 1941. 


Water and wind erosion agents have combined 
to sculpture out one of nature’s masterpieces in 
southeastern Utah and northeastern Arizona. 
Here in Monument Valley are some of the 
grandest skyscrapers anywhere in the world— 
towering as much as 1200 feet into the air, 
grotesque in design, and gorgeous in color. Many 
excellent photographs supplement the article. 

—C.M.P. 


“Sky- 
Natural History 


VosBuRGH, Freperick G. 
Devotion.” Lioyp, 


“Dogs of Duty and 
FREEMAN. “Working 
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Dogs of the World.” The National Geo- 

graphic Magazine 80 :769-806 ; December, 1941. 

These two articles on dogs are accompanied 
by 15 illustrations and 20 paintings from life by 
Edward Herbert Wiver. Breed biographies are 
included. 


-C.M.P. 


TrELEASE, Sam F. “Bad Earth.” The Scien- 

tific Monthly 54:12-28; January, 1942. 

This article traces the history of the discovery 
that certain areas in the United States produce 
poisonous plants containing the element selenium. 
These areas have been fairly well mapped out. 
Livestock losses in certain areas have been quite 
heavy. 


—C.M.P. 


Reev, Joun C. “The Fiery Floods That Formed 
the Inland Empire.” Natural History 47 :200- 
210; April, 1941. 

Some 20 million years ago there began the first 
lava flow in the Pacific Northwest that was 
eventually to cover areas in Washington, Oregon, 
and Idaho, larger than the combined area of all 
New England. At least 35,000 cubic miles of 
lava flowed out in this region during more than 
50 such flows. Later came the Cascade moun- 
tains and the glacial period. And then the 
Columbia was one of the largest rivers in the 
world with waterfalls dwarfing present Niagara 
and cutting deep canyons. Today this lava-cov- 
ered region is a rich farming area, needing only 
more water to make it a much greater farming 
area. 

—C.M.P. 

Anonymous. “Inside the Earth.” Science 
News Letter 39 :363-365; June 7, 1941. 
Earthquake waves provide primary data from 

which scientists infer composition of our planet. 

In the uppermost ten miles of the earth’s shell 

earthquake waves travel 3.3 miles a second. The 

planet is wrapped in a thin crust of relatively 
light rocks averaging about 30 miles in thickness. 

First is a rough coat about a mile thick of loose 

earth, sedimentary rocks such as sandstone and 

limestone, and igneous rocks from volcanic erup- 
tions. This covers a layer of granite from three 
to nine miles deep, the original skin of the 
earth. Beneath the granite is a depth of about 

25 miles of basalt. The crust varies greatly in 

thickness, being thickest under the Alps, very 

thin in southwestern United States, and under 
large areas of the Pacific there appears to be 

none at all. Under this layer of crust is a 

depth of approximately 2000 miles of ultra basic 

material (probably a magnesia-iron-silica rock), 
where the speed of earthquake waves is 4.8 miles 

a second. At the center is a ball of molten iron 

about 4000 miles in diameter, under a pressure of 

44,000,000 pounds per square inch. The be- 

havior of earthquake waves passing through the 
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center of the earth show it to be in a liquid 
state. All but four or five of the 92 
are confined entirely to the crust. 


Vokes, H. E. “Canyons Under the Sea 
Vatural History 48:28-31; June, 1941. 
\bout 130 miles from Manhattan is a sub 
marine canyon about 50 miles long, comparable 
to the Gri 





1 Canyon in depth and less than half 


as wide at the brim. Hudson Canyon, one of 
several such along the Atlantic Coastline, is 
one of the great mysteries of scienc« Many 


theories have been advanced to explain the 
presence and formation of these 


none is adequate. 


canyons, Dut 
—C.M.P. 


JANssEN, Raymonp E. “Geological Aspects of 
Our National Parks.” The Scientific Monthly 
53 :99-115; 211-226; August and September, 
1941 
This excellent article discusses the geological 

background of the national parks of the United 

States. Such information greatly enhances the 

enjoyment one may attain when the parks are 

visited. C.M.P. 


Anonymous. “English Channel is Recent Act 
of Nature.” Science News Letter 40:216; 
October 4, 1941. 

The English Channel may have been formed 
as recently as 5000 years ago, at the close of the 
last great ice age in Europe. 

C.M.P 


SmitH, Pavut A. “Lands Beneath the Sea.” 
The Scientific Monthly 53:393-409; Novem- 
ber, 1941. 

Knowledge of the approximate limits of the 
great ocean deeps, extensive ridges and large 
submarine features of continental proportions is 
now fairly good. Limits of the great Atlantic 
Ridge, the Easter Island Ridge, the Philippine 
Trough, and Aleutian Trough have been mapped. 

—C.M.P. 


Anonymous. “Earth’s Eruptions.” = Sciencs 
News Letter 40:358-359; December 6, 1941. 
Volcanoes, like earthquakes, generally are 

found where altitude differences are extreme 

and the crust is weak. Volcano regions are 
usually earthquake regions. Lessened pressure 
allows hot, solid rocks to liquify. Actual erup- 
tions take place with express train speed, accom- 
panied by dense clouds of gases. 

—-C.M.P. 


Resskr, CHARLES E. “Evolution of Ausable 
Chasm.” The Scientific Mouthly 54:29-42; 
January, 1942. 

Beautiful Ausable Chasm in northeastern New 

York has a rather simple geological history. 
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Four simple requirements all happened to be 
present at the same time: (1) A swift river, 
(2) flat-lying sedimentary strata for the river to 
cross, (3) rock of the right sort to form the 
walls, and (4) limited time. Several excellent 
photographs enhance the article. 

—C.M.P. 


Revuyi, Dirk. “The White Dwarf Stars.” The 
Scientific Monthly 52 :131-138; February, 1941. 
Some twenty-five years ago the first white 

dwarf star was discovered, and only a few have 

been discovered since. Sirius B (companion to 

Sirius A—brightest star in the Heavens) is a 

white dwarf star about three times the diameter 

of the earth but a mass equal to that of the sun. 
giving it a density 70,000 times that of water, or 

a ton per cubic inch. The most dense white dwarf 

and also the smallest star yet discovered has a 

diameter half that of the earth but a density 36 

million times that of water, a cubic inch weighing 

620 tons. Its force of gravity. is 3% million 

times that on earth. Only three white dwarfs 

within sixteen light years of the sun have been 
discovered and all others are over forty light 
years away. Surface temperatures are relatively 
low and in the end they may possibly become 
“black dwarfs.” —C.M.P. 


“Distant Universe Found Much 
Science News I etter 


ANONYMOUS. 
Bigger Than Supposed.” 
39:229; April 12, 1941. 
Proof has recently been obtained showing that 

Andromeda is about the size of our galaxy or 

about 100,000 light years in diameter. Andromeda 

is about 720,000 light years distant. 
—C.M.P. 


Anonymous. “Exploding Stars.” Science News 

Letter 39:299-300; May 10, 1941. 

Once in every five or six centuries one of the 
billions of stars in the Milky Way explodes with 
an output of energy approximately 100,000,000 
times that of the sun. This ratio of time between 
explosions seems to hold for all galaxies. Two 
have been observed in our own galaxy—in 1572 
and 1054. In 1937, in a galaxy 3,000,000 light 
years distant a supernova blazed out to a maxi- 
mum of about 600,000,000 suns. This supernova 
radiated in one day as much photographic energy 
as the sun has radiated in 1,500,000 years. 

—C.M.P. 


Temperatures 
Science News 


Anonymous. “Million Degree 
Near the Surface of the Sun.” 
Letter 39:374; June 14, 1941. 
Dr. Donald H. Menzel of the Harvard College 

Observatory advances the theory that tempera- 

tures of millions of degrees prevail just above 

the surface of the sun instead of the 10,000 de- 
grees previously measured. Elements such: as 
iron, calcium, and nickel, with the outer electrons 
of their atoms removed, prevail in this outer 
surface. —C.M.P. 
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ANONYMOUS 
Impossible.” 
12, 1941. 
Studies by Dr. Rupert Wildt of the Princeton 

University Observatory indicate that clouds of 

solid formaldehyde veil the surface of Venus 

making life impossible. Earlier Dr. Wildt showed 
that Jupiter and Saturn are surrounded by clouds 
of ammonia and methane. 


‘Any Life on Venus is Declared 
Science News Letter 40:26; July 


—C.M.P. 


AnonyMous. “Sun is Bound to Explode, Turn- 
ing Earth to Cloud of Gas.” Science News 
Letter 40:99; August 16, 1941. 

Dr. George Gamow, professor of physics at 
George Washington University, says the conclu- 
sion that the sum is going to explode is a cer- 
tainty. However, several billions of years will 
probably elapse before this happens. As the sun 
uses its hydrogen up, it gets hotter and hotter, 
and when the solar hydrogen content drops from 
its present value of 35 per cent down to only | 
per cent, the sun will become about 100 times 
as bright as it is now. At present the sun con- 
sumes about one-billionth per cent of solar hydro- 
gen per century. 


—C.M.P. 


Anonymous. “Moon’s Craters Not Made by 
Meteor Bombardment.” Science News Letter 
40 :164-165; September 13, 1941. 

Dr. Roy K. Marshall of the Fels Plane- 
tarium, Philadelphia, advances the thesis that the 
moon’s craters are of volcanic origin and that 
the moon has an atmosphere sufficient to protect 
its surface from incoming meteors. 

—C.M.P. 


Anonymous. “All Outside Universes Are Com- 
posed of Stars.” Science News Letter 40:190; 
September 20, 1941. 

Recent investigations seem to indicate defi- 
nitely that the millions of nebulae observed in 
far-flung space are composed of stars rather 
than only dust as heretofore believed. 

—C.M.P. 


Anonymous. “Lights of the Arctic Sky.” Sci- 
ence News Letter 40:187-188; September 20 
1941. 

The aurora borealis seems to be linked with 
sunspot maxima and magnetic disturbances, but 
its precise nature puzzle the scientists. The 
auroral display may be only a flash or it may last 
all night. Weird colors and fantastic shapes 
often characterize the display which may extend 
as much as 800 miles from the earth’s surface 


——C.M.P. 


Astronomer Presents 
Science News 


Anonymous. “British 
New Theory of Solar System.” 
Letter 40:230; October 11, 1941. 
Dr. R. A. Lyttleton of Cambridge University 

proposes the theory that planets may be born of 
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a triple star constantly picking up matter. If 
such is the case, solar systems would not be as 
rare as now thought. 


—C.M.P. 


Anonymous. “Sun Is Just a Youngster Two 
Billion Years Old.” Science News Letter 
40 :301; November 8, 1941. 

Dr. Gamow of George Washington University 
is quoted in this article as giving the above figure 
for the age of the sun, and further states that the 
sun lives by the conversion of hydrogen into 
helium. Our sun is now about 35 per cent hy- 
drogen and should have an existence of ten billion 
years more. The stars were once much closer 
together and were formed from one continuous 
mass of hot gas. 

—C.M.P. 


Anonymous. “Sun Refuels Self from Space.” 
Science News Letter 40:308; November 15, 
1941. 

Two Cambridge University authorities, Lyttle- 
ton and Hoyle, recently advance evidence that 
the sun refuels itself from space by sweeping up 
something like 110,000,000 tons of hydrogen gas 
each second. 


—C.M.P. 


“Five Eclipses in 1942.” Sci- 


40 :406-407; December 27, 


STOKLEY, JAMES. 
ence News Letter 
1941. 

There will be five eclipses during 1942. The 
two of the moon, both total, will be visible from 
most of North America. The lunar eclipses will 
occur March 2 and August 26. Three partial 
eclipses of the sun, none visible in the United 
States, will occur on March 16, August 12, and 
September 10. The first two solar eclipses are 
visible in the Antarctic, and the latter in the 
Arctic region. 

—C.M.P. 


HILDEBRAND, J. R. “Cotton: Foremost Fiber of 
the World.” The National Geographic Maga- 
sine 79:137-192; February, 1941. 

This is a splendidly illustrated and quite com- 
plete article on cotton—tracing something of its 
history, cultivation, manufacture and many uses. 
There are 65 illustrations, 34 of which are natural 
color photographs by Willard R. Culver. 

—C.M.P. 


Leirn, C. K. “Strategic Minerals in War and 
Peace.” Science 93:244-246; March 14, 1941. 
The list of strategic minerals is not a fixed 

one, because, as the scale of preparation for war 

expands, shortages appear in other minerals. No 
nation can long fight a mechanized war without 
access to foreign mineral supplies. 

Whoever holds control of the seas dominates the 

strategic mineral situation. Minerals are strategic 

not only for waging war, but for preventing war. 

Among strategic minerals lacking in the United 


sources of 
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States are: manganese, tin, chromium, tungsten 
nickel, antimony, mica, asbestos, quartz crystals 


some varieties of graphite, and industrial 
diamonds 

—C.M.P 
Simpicu, Frepertck. “Today’s World Turns 
on Oil.” The National Grographic Magazine 


79 :703-748; June, 1941. 

This is an excellent article on one of the most 
important resources in the world—oil. There 
are 45 illustrations, 21 of which are natural color 
photographs by B. Anthony Stewart 

—C.M.P 


Anonymous. “New Process Purifies Aluminun 
from Alunite.” News Letter 40:3; 
July 5, 1941 
A new process for recovering aluminum from 

alunite, a combined sulfate of potash and al 

mina, has been worked out. The cost will be 
about 11.865 cents a pound, enabling the process 
to compete with bauxite, the present 

Nearly 14,000,000 tons of pure alunite are avail- 

able in Utah, Arizona, Colorado, California, Ne- 

vada and Washington—11,680,000 tons from Utal 
C.M.P 


Sctence 








source 


Anonymous. “Importance of Tin to 
Stressed in Minerals Yearbook.” Science News 
Letter 40:87; August 9, 1941. 


efforts to accumulate a stockpile 


Detense 


Despite all 
best estimates place our supply at only a year's 
needs. Of the 169,500 long tons used in the world 
last year, this country 76,000 tons 
About half of the supply 
Malaya, one-fourth from the British 
one-fourth from the Netherlands, the Netherlar 
Indies, and China. Recovering tin from tin cans 
would not now be feasible. 


, 
consumed 
comes from Britis 


Isles, and 


C.M.1 


STRAIN, WARREN 
Material.” 
211; September 


“Manganese: A Vital Raw 
The Journal of Geography 40:201 
1941. 

Manganese may be classified as one of the most 
strategic metals needed in national defense. Most 
manganese is used in manufacturing steel where 
it is an almost absolute necessity. Russia pro- 
duces 55 per cent of the world’s supply, India 
per cent, Gold Coast 10 per cent, 
South Africa, Brazil, and the rest of the world 
Manganese is found in thirty-four states of the 
United States but is in small amount and of poor 
quality ore 


followed by 


= 
=< 


—C. 


3oTTs, ApeLBert K., AND Peritn, LILLIAN 
“Rubber in Our Warring World.” The Jour- 
nal of Geography 40:241-248; October, 1941 
The Dutch East Indies, Borneo, Malay States 
French Indo China, Burma, and Thailand pro- 
duce 94 per cent of the world’s rubber. The 


United States consumes 57.8 per cent of t 
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world’s production, our supply coming from the 
East Indies, Malay States and Cochin China. 
We use about 900,000 tons of rubber a year. 
Reclamation of rubber would net us about 450,000 
tons a year. Synthetic rubber production is being 
greatly expanded, and could eventually supply 
our needs. 
—C.M.P. 


Anonymous. “Bauxite, Vital Strategic Ore Ac- 
cessible to All Powers.” Science News Letter 
40 :380. December 13, 1941. 

Bauxite is widely and more or less evenly dis- 
tributed among the great powers of the world. 
The axis powers have supplies in Hungary, Italy, 
France, Yugoslavia, Greece, and Rumania. The 
U. S. S. R. has vast beds as has the Netherland 
Indies. Britain has supplies in India, Africa, 
and Australia. The United States, greatest de- 
posit is in Arkansas, but workable beds are found 
in Alabama, Georgia, Mississippi, Tennessee, and 
Virginia. Much of our supply (60 per cent) 
comes from Dutch Guiana. 

—C.M.P. 


Symposium. “Rubber.” Building America 6:98- 

128; No. 4. 

This excellent, illustrated article discusses the 
following aspects of rubber: (1) “America Uses 
Half the World’s Yearly Rubber Supply,” (2) 
“Where Does Rubber Come From?” (3) “Crude 
Methods of Rubber Manufacturing Were Re- 
fined,’ (4) “Rubber Manufacturing Becomes a 
Billion Dollar Industry,” (5) “The Middle East 
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Becomes the World’s Rubber Supply,” (6) 
“Working Conditions in the Industry Have 
Changed,” (7) “How a Tire is Made,” (8) “Can 
We Conserve Our Rubber Supply?” (9) “Can 
We Make Synthetic Rubber?” (10) “Rubber 
Has an Uncertain Future.” 


—C.M.P. 


Furnas, C. C. “Future Sources of Power.” 

Science 94:425-428; November 7, 1941. 

The diminishing supply of petroleum may be 
augmented by: (1) Getting all of the petroleum 
out of the ground (over half of the original de- 
posit stays in the ground after the well has gone 
dry), (2) Shale oil (U. S. has billions of tons 
of shale oil—yielding from half a barrel to three 
barrels per ton of shale—enough shale to last 
from 100 to several hundred years), (3) Hydro- 
genation of coal (present cost is about 20 cents 
a gallon as compared to petroleum’s five cents, 
(4) Alcohol from agricultural products (about 
15-20 cents a gallon—outlook not hopeful), (5) 
Duplication of geochemical reactions (from carbo- 
hydrates). The United States has over half of 
the world’s supply of coal—enough to last over 
3,000 years—if we don’t have to divide up with 
our neighbors. Water power now supplies about 
10 per cent of our energy—might be developed 
to supply 20-25 per cent. Winds as source of 
power are too undependable. Power from tides 
may become a small source of energy. Utiliza- 
tion of current vegetation would prove of little 
value. Direct use of solar radiation offers some 
possibilities. —C.M.P. 





ph 


ch 


ble 


No. 2 


(6) 
Have 
“Can 
“Can 
Rubber 


M.P. 


ower.” 


lay be 
“oleum 
al de- 
$ gone 
f tons 
» three 
‘o last 
Tydro- 
) cents 
cents, 
(about 
), (5) 
carbo- 
ialf of 
t over 
D with 
about 
eloped 
rce of 
1 tides 
Jtiliza- 
f little 
$ some 


MP. 











Book Reviews 


SCIENCE TEXTBOOKS 


Romer, AtFrep S. Aan and the Invertebrates. 
Chicago: The University of Chicago Press, 
1941. 405 p. $3.50. 

This third edition revision brings in about 100 
pages of new material, slight changes in two- 
thirds of the old book and a great wealth of 
vital photographic material. It is attractive in 
its modern style and typography of the New 
Plan texts. The text starts with life in water 
and the beginnings of the vertebrates. Then fol- 
low chapters on fishes, amphibians, the frog, 
reptiles, birds, mammals, primates, human ori- 
gins, human races, and the human body. The 
general student and layman, too, will understand 
and therefore enjoy the reading of this book 
because of the minimum number of really tech- 
nical terms. Nevertheless, certain chapters are 
primarily intended for advanced students. 


—W.G.W. 


Swann, W. F. G. Physics. New York: John 
Wiley and Sons, Inc., 1941. 274 p. $1.75. 
This is one of a series of six volumes of 

science included in a Survey Course for Col- 

leges edited by Gerald Wendt. The basis 
of selection of material has been to include 
what is most needed for a broad _ under- 
standing of science and to “prepare the student 
for life in the second half of the twentieth cen- 
tury.” Since ideas are more important than 
facts, it is suggested that the student will lose 
nothing by being limited in the survey course to 
a knowledge of facts needed to form a basis for 
ideas. It is not a book of the “popular science” 
type, but it provides a foundation of real science 
covering dynamics and the main divisions of 
physics: measurement, mechanics, heat, acous- 
tics, light, electricity, and magnetism, and elec- 
tromagnetic induction. It is illustrated with 
appropriate line diagrams. —W.G.W. 


Parsons, T. R. Fundamentals of Biochemistry. 
Baltimore: William Wood and Company, 
1939. 461 p. $3.00. 

This is the sixth edition of a text which em- 
phasizes the theoretical aspects of physiological 
chemistry. The author makes an attempt to 
keep the subject matter as elementary as possi- 
ble. This treatise is quite readable. 

—Ruth Gerber. 


GararD, IRA D. An Introduction to Organic 


Chemistry. New York: John Wiley and 

Sons, Inc., 1940. 389 p. $3.00. 

This book is designed for a one semester in- 
troductory course in organic chemistry. Thus 
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many reactions (e.g., Grignard reaction, aceto- 
acetic ester synthesis, and many in the aromatic 
field) have been omitted. A large amount of 
descriptive material and discussion has been in- 
cluded. The last chapter includes 31 laboratory 
experiments pertinent to the subject matter of 
the text. Ruth Gerber. 


Lowy, ALEXANDER, AND Harrow, BENJAMIN. 
An Introduction to Organic Chemistry. New 
York: John Wiley and Sons, Inc., 1940. 400 ; 
$3.00. 

This is the fifth edition of a most widely used 
textbook. Basic principles have been stressed 
and the more recent and important applications 
included. The book is written in simple readable 
narrative style. Connecting links with other 
sciences have been constantly emphasized. 

Ruth Gerber. 


LANGTON, CLAIR V. Orientation in School 
Health. New York: Harper and Brothers, 
1941. 680 p. $3.00. 

This is intended as a textbook for use in 
schools of education. But it will be read by 
superintendents and principals for it presents, 
concisely, data on many problems that confront 
them. It does not discuss instruction in hygiene, 
physical education or mental hygiene “because 
they are recognized and accepted by the school 
administrator” already. 

It does deal with (I) The Prevention and 
control of communicable disease: the school 
physician, his duties and to whom he should be 
responsible, (II) Healthful school living (a) the 
sanitation of the school plant, (b) lighting and 
seeing, (c) air, heating and ventilation, (d) 
water supply, not only for drinking but for 
toilets, wash basins, swimming pools, (e) the 
school custodian under all the above subdivisions 
are given specific recommendations regarding 
good equipment, often with illustrations, and 
its use to assure best results, (III) The hygiene 
of the school child including (a) growth and 
development, (b) nutrition and malnutrition, (c) 
oral hygiene (a very sane discussion of tooth 
decay), (d) hygiene of the eye, ear, nose, throat, 
(e) tuberculosis, (IV) The teacher, the curricu- 
lum, school health (a) hygiene of instruction, 
(b) the teacher’s health, (c) safety education. 

Throughout the book the facts presented are 
wisely selected and up-to-date. The questions 
discussed are numerous, practical and such as 
the administrator needs to have brought to his 
attention. 

The reviewer's only criticism is that there are 
diagrams and charts on which the print is so 
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small as to cause eye strain, so small in some 
cases as to be legible only with a lens. See 
those on pages 6, 7, 8, 15, 25, 396, 436, 513, 522, 
632 for example. The fault should be corrected 
in later editions. 


—E.R.D. 


Morcan, Atrrep. First Radio Book for Boys. 
New York: D. Appleton-Century Company, 
1941. 192 p. $2.00. 

Nearly all boys at some time have a desire to 
build radio sets. Many obtain their information 
for making sets from magazines, pamphlets, and 
the direction sheets furnished with kits of parts. 
This book gives instructions for making simple 
crystal sets, one- or two-tube receivers, ampli- 
fiers, and phonograph oscillators. The instruc- 
tions are such that twelve-year-old boys have 
been able to use them effectively. The drawings 
and illustrations are well made, so there is little 
chance for error. 

The author, an electrical engineer, has not 
only achieved success in the field of radio, but 
is well known for his excellent boys’ books in 
the field of science. Any boy would enjoy find- 
ing this book in his home, school, or public 
library. 

—Roy V. Maneval. 


Barper, Harvey H., Aanp Taytior, T. Ivan. 
Semimicro Qualitative Analysis. New York: 
Harper and Brothers, 1942. 446 p. $3.50. 

In recent years semimicro methods have 
largely superseded macro methods in college 
chemistry laboratory courses. The somewhat 
expensive centrifuge has been an important item 
of apparatus in most semimicro set-ups. This 
book is based on the new “Barber Method” of 
semimicro qualitative analysis which substitutes 
for the more expensive centrifuge what the 
authors claim is an exceedingly simple apparatus 
—a pressure filter tube and a rubber pressure 
bulb. Many advantages are claimed for the 
pressure bulb technique. The cost of the filtra- 
tion assembly is about twenty-five cents. More 
efficient control and less time in making analyses 
are other advantages. 

The textual material is divided into three 
parts covering the theoretical principles, semi- 
micro analysis of the cations and anions, and 
reference tables for the properties and reactions 
of the ions. 


—C.M.P. 
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GucKER, FRANK THOMSON, AND MELDRUM, WIL- 
LIAM BuELL. Physical Chemistry. New York: 
American Book Company, 1942. 683 p. $4.00 
This book is designed as a text for a first 

course in physical chemistry. Emphasis is placed 

upon the experimental facts and laboratory pro- 
cedures. A knowledge of the calculus would be 
most useful but is not absolutely necessary for 
students using this book as a text. The material 
is accurate, up-to-date, and comprehensive 
enough for a full year’s course. However, by 
selection of certain topics an excellent one- 

semester course may be had using the book as a 

basal text. In the opinion of the reviewer, the 

authors have done an excellent job in presenting 
the essentials of a sound course in physical 
chemistry. 

—C.M.P 


SmiLey, DEAN FRANKLIN, AND GOULD, ADRIAN 
Gorpan. Community Hygiene. New York: 
The MacMillan Company, 1941. 448 p. $2.50. 
Good physical reserves, a sturdy nervous sys- 

tem, social mindedness, and an ability to take 
responsibility for the health and welfare of 
others, are qualities that will be of the utmost 
importance to the American people during the 
next few years. 

Environmental health hazards and their con- 
trol, community attack on specific disease and 
disorders, health problems specific to certain 
groups, and health agencies form the main sec- 
tions of this interesting text. Many illustrations 
are used throughout the book. Up-to-date statis- 
tics are presented by many graphs; much use is 
made of the pictorial graph. 

Through this second revision the authors are 
able to bring to the reader some newer aspects 
of community hygiene such as airborne infec- 
tions, weather in relation to health, food deficien- 
cies particularly relating to the B: complex, the 
changing emphasis in tuberculosis from control 
to eradication, the re-evaluation of the medical 
examination in the school health problem, newer 
military medical problems, changing conceptions 
of what is “adequate” in hospital and medical 
care, forms of hospital and voluntary health in- 
surance, the revised Food and Drugs Act, and 
the expanding functions of government in the 
health field. 

This book is recommended especially for 
classes in hygiene at the senior high school level 


—Roy V. Maneval. 


SCIENCE REFERENCE BOOKS 


S1nGeR, CHARLES. A Short History of Science 
to the Nineteenth Century. New York: Ox- 
ford University Press, 1941. 399 p. $3.75. 


This book, by an English -author, has been 





written for the general reader rather than for 
the scientific specialist. Technical terms and 
details have been avoided. The book provides 
an outline sketch, in historical perspective, of 
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the intellectual background of modern classical 
science and especially its characteristic doctrines 
of Energy and Evolution. 

The reading of this book is both refreshing 
and enlightening. It could be read to great ad- 
vantage by all teachers of secondary science as 
well as laymen. Furthermore, it would serve as 
a useful reference in college science survey 


courses. —C.M.P. 


McCreery, James L. Exploring the Earth and 
Its Life. New York: Frederick A. Stokes 
Company, 1940. 312 p. $2.50. 

The exploring described in this book is done 
in a Natural History Museum. While it tells 
about the exhibits and work of a museum it 
does at the same time present a brief natural 
history of the world. These are the things it 
tells about: Why we collect; history in stone; 
minerals of the earth; plant life in a museum; 
importance of insects; oceans and their life; 
fishes in natural history; reptiles; birds; mam- 
mals; and man and his activities. The book is 
well illustrated with many excellent drawings. 

—W.G.W. 

Duncan, Cart L., anp PicKWELL, GAYLE. The 
World of Insects. New York: McGraw-Hill 
Book Company, Inc., 1939. 409 p. $3.50. 
One finds here a brief but most interesting 

overview of the insect world written for the 

understanding of the non-technical reader. It 
gives the structure (unusual drawings), tells 
how insects grow up, how they get their food, 
get air, reproduce and are protected. Insect 
orders, social life value of insects and control 
of harmful insects are all treated. The book is 
filled with nearly 200 illustrations of far better- 
than-average drawings and photographs made by 
the authors. If the subject interests you, you 
will place the book in your choice collections. 

—W.G.W. 


SHAW, MARGARET, AND FIsHER, JAMES. Ani- 
mals as Friends. New York: E. P. Dutton 
and Company, Inc., 1940. 271 p. $2.50. 
When you get a new animal pet, you immedi- 

ately wish to know how best to care for it. 

This book attempts to give the information that 

will help you. It also adds many interesting 

stories about various mammals, amphibians, rep- 
tiles, and birds. It treats 55 different animals, 
giving: order, family, genus; distribution and 
habitat; description; length of life; care and 
food; housing; behavior; breeding; handling; 
transport; and cost. Generally a list of don'ts 
is added. There are 16 photographs and 21 
diagrams. —W.G.W. 


Peterson, Arvin M. Wild Bird Neighbors. 
Milwaukee: The Bruce Publishing Company, 
1940. 283 p. $2.00. 

This valuable book consists of informal 
sketches of some 35 North American birds in- 
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cluding such common birds as the woodpecker, 
flicker, orioles, crows, hawks, several kinds of 
sparrows, blue jays, and meadowlarks. Many 
excellent illustrations and photographs illustrate 
the book. It is first hand experience the author 
gives us after patient watching and waiting 
when they come, how they look, their mating 
habits, their nests and how they care for their 
young, their song and call sounds, and finally 
their economic value. Students of bird life, 
teachers of biology and conservationists will wel- 
come such a book for its valuable lessons ot 
protecting and fostering wildlife. 


—Greta Oppe 


Evans, Epona H. Bill and the Bird Bande 
Philadelphia: The John C. Winston Company 
1940. 220 p. $1.50. 


Listed among the books recommended by th« 
National Audubon Society is Bill and the Bird 
Bander. If you are looking for a fascinating 
book about birds or a really live story of a real 
boy and a beautiful friendship, this is it. Just 
as Bill was fascinated by ornithology, you, too 
will follow him along the Florida coast learning 
much about birds, bird migration and bird band 
ing. Boys and girls will read it with consuming 
interest and profit much from Professor Wes- 
ton’s advice to Bill as to how one pursues a 
hobby and masters it. Within the pages of this 
fine book are many incidents taken from the per- 
sonal observations and experiences of the author 
and her husband during 15 years of residence in 
Florida. Seventy-six excellent photographs by 
Mr. Evans make Bill and the birds real living 
creatures. This is a fine book to recommend to 
boys and girls with hobbies. 

—Greta Oppe 
Bennett, H. The Chemical Formulary, Vol. | 

Brooklyn, New York: Chemical Publishing 

Company, Inc., 1941. 676 p. $6.00. 

This 1941 chemical formulary is a timely col- 
lection of valuable commercial formulae and 
recipes for making thousands of products in 
many fields of industry—a valuable tool for 
laboratory and layman concerning such subjects 
as rubber, adhesives, lubricants, dyes, pharma 
ceuticals, drugs, foods, explosives, paints, 
bleaches, stains, glass, textiles, beverages, water- 
proofing, waxes, cosmetics, inks, soaps, alloys, 
dental products, farm and garden specialties 

For convenient reference there has been col- 
lected and alphabetically arranged a list of 
chemicals and supplies and a directory of sources 
from which they can be bought. Here layman, 
executive, chemist, and manufacturer will find 
answers to many problems authoritatively han- 
dled by specialists and arranged for quick and 
ready reference. Almost 150 pages are devoted 
to food and food products including a lengthy 
discussion of the vitamins with their structural 
formulas, properties, and clinical uses. Stu- 
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valuable 
nursery- 


welcome the 


gardeners and 


agriculture will 
offered to 


dents of 

information 

men. 
—Greta Oppe. 


Vature. 


Company, 1941. 


CHARLES. Man on His 
The Macmillan 


SHERRINGTON, 
New York: 
$3.75 
The author is a famous British scientist who 

was awarded the Nobel Prize for Medicine in 

1932. He has been Professor of Physiology at 

the Universities of Oxford and Liverpool. In 

this country, he has been a special lecturer at 
both Yale and Harvard. 

This book includes the Gifford Lectures given 
at the University of Edinburgh in 1937-38. 

The book turns from metaphysical speculation 
on the distinctions between natural science and 
natural theology and natural religion to clear 
cut and intriguing descriptions of biological 
processes and mechanisms. 

The style is often heavy and labored. In 
those chapters dealing directly with physiological 
processes the style becomes clear and lucid. For 
example, science teachers will do well to read 
the section dealing with the blood cells. Many 
will be inclined to skip the parts dealing with 
distinctions between natural science and natural 
religion with which the author seems to be 
chiefly concerned. 

Advanced college students will find much of 
value in this volume. High school pupils will 
find it practically unreadable. 

—R.K.W. 


KuTAKoFF, Bert A. 
and Engine Mechanics. 
tary Book Company, 621 
241 p. $1.75. 

The author has boiled down facts in a concise 
and easily understood question and answer form 
that will give the reader the how and why of 
the many tasks seasoned military and commer- 
cial aviation mechanics have taken years to 
master. Each part of the plane is discussed in 
detail. Chapter titles include Opportunities and 
Occupations, Materials and Processes, Welding, 
The Aircraft Engine, The Spark Plug and 
Ignition System, The Carburetor, Lubrication, 
Principles of the Airplane, The Propeller, Hy- 
draulic Equipment, Instruments, and Civil Air 
Regulations. The last chapter is 
of aeronautical terms. 

Plane Facts is well illustrated with diagrams 


Plane Facts for Airplane 


New York: 


3roadway, 


Mili- 
1941. 


a glossary 
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and photographs. Airplane and engine me- 
chanics, and young men who contemplate enter- 
ing aviation service, will find it a most helpful 
and instructive book. 
—Roy V. Maneval. 
Reck, FRANKLIN M. Automobiles from Start 
to Finishh New York: Thomas Y. Crowell 

Company, 1941. 100 p. $2.00. 

“Automobiles in War” is the title of the new 
chapter added in the revision of this popular 
book. 3antam trucks, army transports, scout 
cars, and reconnaissance trucks are illustrated 
and discussed in this chapter. 

This book is a history of the automobile from 
the steam tractor of Cugnot to the streamlined 
car of today. Nearly a hundred excellent 
illustrations are the outstanding feature of the 
book. Of these, thirteen are full page, and 
many are half-page. Several maps, flow charts, 
and diagrams are used to aid the reader. 

This book will make enjoyable reading for 
anyone interested in automobiles—the science 
pupil, his teacher, or his parents. It would be 
an excellent reference book for science class- 
rooms. 

—Roy V. Maneval. 


Reck, FRANKLIN M. AND CiatrE. Power from 
Start to Finish. New York: Thomas Y. 
Crowell Company, 1941. 154 p. $2.00. 


For thousands of years the sun has been 
putting away its energy in secret places all 
over the earth. During a much shorter time 
men have been digging out this energy to run 
their engines and do their work. At last there 
are innumerable types of power machines: from 
the spinning wheel, to the steam turbine, the 
electric motor, the Diesel. But they all get 
their energy from the sun. It is a thrilling 
story, this search for power. That story is 
told from start to finish in this fascinating book, 
the third one by Mr. Reck. The steam engine, 
water power, electricity, and oil are discussed 
in their relation to power. In the last chapter, 
“What Next?” he discusses possible uses of 
power in the future. 

The book is profusely illustrated with excel- 
lent photographs and diagrams. It is a very 
desirable reference book for junior high school 
science classes. Some classes in senior high 
schools may find it quite useful. 


—Roy V. Maneval. 
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